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1. INTRODUCTION

1.1 Background
Analysis of fhé geologic structures of th.e.-Afiani;i'c Outéér_. Cont‘i’;ﬁér‘;tal '
Shelf and the Gulf of Alaska, has led geologists to conclude thﬁ't‘léfg‘e,
reserves of petroleum deposits rnayl exist in each area. The deVe’lopfnent
of these reserves could alleviate shortage of pétroleufﬁ pi-oduc::.t-sfin
the United States over the next decade and 1es&s'en dependence c‘)ri‘:'oi‘l ‘
imports, While development 6f these resources is éléarly'in the .
interest of the United States, unrestrained dvevelopmelg'lt'can lead to
serious environmental str'ess that can reslult in‘permanént darﬂag?e to
the ecological systems existing in each area. For thisj;_eaé'on,'_' the
President's Cougcil on Environmental Qualitly has \undert'a‘k.en,austu'av
of the technical, environmental, and economic fa_,ctors‘; that woullt‘i'..b»e '
affected by OCS development. A team of governmeht,:"a‘caczi_emif; n
and industry experts has been assembled to investigaté. va.riou’s.{facgt"s
of the proposed developments, predict the threats that will-éi:‘_ilst_;ja‘.g'd _
propose safeguards that can be taken to .m,i.ni:mizeAthe .en_yi:t.to‘nmeri{tefa.l.
impact. Tetra Tech, Inc, was selected tol;inAvestigat‘e:ﬁthe‘ effectv-_éf'; :
natural phenomena on offshore development‘._‘ i‘he spe%vi.fi‘c thks'__;lyveré
to: : |
1. Provide .descr‘1pt1ons of the phys1ca1 systems assoc1ated with
Outer Continental Shelf petroleum production and the natural
forces to which they will be exposed S

2, Determine the individual and collectwe oil sp111 probab111t1es
for the physical systems described-above.

3. Define the potential volu-ines of oil tha.t woxila be rélleé,vse‘dv'as
a result of the effects of natural phenomena. - TR



A letter of intent was issued on 1 October 1973 and a contract was

executed on 1 November 1973.

1.2 Scope and Depth of the Analysis

The physical systems associated with petroleum production have been
grouped into four natural groupings: those used for exploration, for
production, for storage, and for transportation. Descriptions of

each are given in the Appendix.

The natural phendmena that were considered included severe storms,

the tidal surge .éé_sociated with severe storms, currents, ice, earth-
quakes and tsunamis, Recurrence values for each were determined
using data from various soufces. The Nationai Oceanographic and
Atmospheric Administration (NOAA) supplied wind and wave data,

icing data and historical summaries of earthquake events, Representa-
tives from the oil industry supplied additional climatic and oceanographic
data, Data on tsunami occurrence and magnitude was derived from
published accounts and summaries as well as in-house records of
events, The recurrence relations‘for both earthquakes and tsunamis

are considered ''worst case'' values. The actual occurrences will

probably be less frequent,

Using the Tetra Tech tsunami\propagation model, several calculations
were made to determine the wave heights that would occur on the
coastal perimeter of the Gulf of Alaska due to local earthquakes
occurring at various locations.in the Gulf,  However the increase in

wave heights due to local conditions such as harbor resonances, edgewave



effects and so forth were not included, When specific harbor sites are

considered or proposed, a detailed calculation should be made.

The scope of the study did not include calculating the natural phenomena
forces that structures would have to Wlfhstand. Nor were any "typical' struc-
ture designs propoSéd that would withstand prescribed force levels. ..
Instead_it was assumed that owners/operators would require that
elements of the oil production system be ;iesigned to meet certa:i_n
criteria sucﬂ as the forces as-séciated with the 100 year event,

and that the design would have a certain factor of sa.fc?ty before
collapse, industry practice is to specify factor of _safetyl values
ranging from 1.25 to 2.0 depending on various factors such as cost
‘and expecteé life, Tankers wexie an exception since their design is

a complex tradeoff between buoyancy, stability, cosf and .expec':.ted

life without consideration of natural phenomena that may be charac-
teristic of particular areas.‘ Furthermore, while tanker structural
failure occurs freqﬁen’cly enough to warrant serious concern;kthe.
causes, when known, avre invariably traced to lack of proper hull
inspections and failure to use prudent seama;nship when transiting

severe storms paths.

Earthquakés frequently trigger wide areal losses in soil stability,
_fhis in turn leads to failure ofb foundatioqs of structﬁres and
pipeline suppofts. Examples 6f soil stability failure are settlement
of cohesionless soils, liguefaction of the soil, flow slides and
liquefaction of thin sand layers. Very little is known about the mechan-
ics  of soil structural failure and it is not possible to predict

the scale of ground movement, Accordingly, this important effect is not



inciudé_,ﬁ’iri the vs'tudy' except to note the need for a thorough

test boring program at the selected sites and to carefully plan the
pipél,i’n’e_ kI"ﬁnls‘;to' avoid areas of having soil of questignable properi:ies
Fi.nal-.l_vy‘,ffthvé‘stgdy did not include-an analysis of oil industry concepts
still it':l"tlhej'design and development stage, When these designs reach
the sta_g'é, :Where they 'é.re proposed for operational use, a thorough
,ana»iys‘isr-shoﬁld be made to d(;.termine if thé environmental standards

will be im_prbved or jéoPa,rdized.

1,3 %éniéatign of the Report

The zlfép_.o.rt is dividéd irjlto. six sections and an Appendix, Sectionl
(itlascr‘i'b‘e‘sj2 the scope of the report and the depth of the analysis
Se.ctiorilrz'."sﬁmmarizes the conclusions. Descriptions of thé various
natﬁr#i :Apl:.x.e'ﬂ.omena are containea in Sections 3, 4, and 5 and their
effect p'r; th‘e‘ "sys‘te’m is discussed in Section 6. This section also
includes -an estimate of the volume of oil at risk for each element of
the ,sys“;:e_rh" and - ) gives the'indi_vidual and collective oil spill
proiaajbi]:,i'tiié’s for.’th‘e systems. The ldeScription of the physical systems

associated with the Outer Continental Shelf is included as an Appendix.

1.4 Ackhowl‘edggﬁehts

A study .of this scope could not have been completed within the short
time available withéut_ the wholehearted enthusiasm and cooperation
of g,.numbér.of wéll-qualified individuals within the company.- Mr.
Joh‘n Ts'efl;; provided descriptions of the oil development system., Mr,

Maynard. Brandsma’ carried out the calculations of tsunami wave
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heights and Mr. Albert Yuen carried out the pro'bability of failure

. calculations,  Each made major contributions to this repb‘rt.

In addition, two other individuals contributed significantly to the
study, Dr. F. Hebard of the Natiqﬁa’l Oceanographic and Atmos-
pheric Administration provided valuable climatic data and other
information relating to the overall program, Mr, H, Meyers of the
National Geoﬁhysi’cal and Solar-Terrestrial Data Center at Boulder,
Colorado provided extensive listings of earthquake events for both
OCS areas as w.ell as assessmentg of data validity., Their contri-

butions are appreciated deeply.
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2. SUMMARY OF RESULTS AND CONCLUSIONS

2.1 General

Oil field development has been broken down into four constituent parts;
Exploration, Production, Storage and Transportation, Natural phe-
nomena are divided into climatic and oceanographic phenomena, earth-

quake phenomena, and tsunami phenomena. Natural phenomena can be

a cause of oil spills during each step of the oil field developt"nent.

2.2 Climatic and Oceanographic Conditions

- Most climatic and oceanographic conditions on the OCS pose less of a
threat than those already faced in other world areas where oil develop-
ment is underway, These include surface and subsurface currents, ice,

and storm surges,

In general, storms in the Gulf of Alaska are less severe than t‘h'ose found
in the North Sea. The same is true for storms occurring in the southern
regions of the proposed Atlént{c sites, In the central and nérthern
Atlantic sites the storms are more severe than those in the North Sea.

If structures can be designed to withstand the 100 year storm and have

a factor of safety of 2.0 and pfesu?ning that field development will re-
quire 30 years, there is then a 0,93 chance that they will survive with-
out collapse. If designed to withstand the 200 year storm with a éafe’ty

factor of 2.0, the probability increases to 0.97.



2.3 Earthquakes

The Atlantic OCS is an area of moderate seismic activity, Earthquakes-
comparable to about Richter 7 in magnitude have ‘been~reported over

the last several centuries, Most reported éérthquakes have been located
in the northern sector of the proposed development., Only one (estimated

7.2 Richter) was reported in the southern sector.

The Gulf féf Aiaéka is an area subjécted to frequént and severe éar;thquakes.
. Wit’hin the last 60 years there have been 8 recorded instances of earth-
quakes occu';'ring in tine Gulf of Alaska having magnitudes greater than
Richter 7; The 1964 Prince.Williaﬁq Sound eérthquake_was estimated

to be between 8.3 to 8, 6 Richter.

Damage f‘rom earthquakes is usually dﬁe to either structural failure
c:a_.lulsed by dynamic shaki.ng or foundation failure due to loss of soil
svl‘:ait')ilivty or strength., Modern analytical techniques exist to calculate
the dynamic forces structures must withstana to survive major earth-
quakes, Q‘nce the fofces are -c_:a.l‘culate“d, careful attention will have to
be paid Fo_. use of stronger materia_ls and better construction techniques
in order !::o d‘evelop structural strengths necessary to survi';fe earthduake
vibrationsj 'm.‘ a.ct'ive' seismic areas such as the Gulf of Alaska and, to a
lesser degree, on the A‘.tlantic QOCS, This is especially true for large, -
bulky, vu‘nderwater structures sﬁch as storage tanks, If a structure

is designed Eo withstand an eafthqﬁake Aof magnitude 7.2 Richter with a
fa:c"-tor of safety gf 1, 5\, there is a lO. 86 probabi_lity that it will survive
over a 30 year field life in the Atlantic OCS but most likely to fail

over the same time span in"t_he Gulf of Alaska. If the design criteria

I 7



are raised f0-8. 6 Richter, the chances of survival in the Gulf of Alaska

will.increase to about 0, 51,

Lioss of soil stabilit\j will have a damaging effect on all fixed structures.
The most seriopis oil spills will be due to pi.pe.l‘i_ne failure and collapse
of underwater storage tanks. Estimates of oil that would be spilled in
the event of a pipeline failure are 16,000 bbls or more. The volume
spilled as a result of a storage tank failure'é:'”ould be 1,000,000 bbls

or more, Platform collapse can also produce oil spills, However, the
probabilitsr of an oil spilil res‘ulting from platform failure is small be-

cause of the use of safety valves that automatically close-off the well

at or below the ocean floor,

2.‘4 Tsunamis

Tsunamis are divided into two categories--those that are generated at
a source remote from the area of interest and those that are generated
locally. There are no recorded instances of remate tsunamis causing
damage along either OCS coastline and no record of destructive local
tsunamis occurring along the Atlantic coas‘tli-ne-.. (The tsunami damage
caused by the 1929 Grand Banks seismic event was limited fo a.reas

close to the Vgeneration point. )

A tsunami wave height greater than 6 foot has a 20% chance of occurrence
on the Atlantic OCS during a 30 year field life. For the Gulf of Alaska,

it is predicted that such waves will occur 6 times over the life of the

- field. The only deep water structures that can be seriously affected.by

tsunamis are underwater storage tanks, The increase in mean water level



and in water particle velocity at depth produced by the long period tsunami-
wave exerts forces on the structure which can. be greater than the severe

storm design loads of the walls and foundation of the storage tank.

Underwater storage tanks now béing used in the Persian Gulf and the
North Sea can hold 500,000 bbls and 1,000,000 bbls respectively. Larger

volume tanks are being planned.

Tankers moored at fixed berths are seriously threatened by tsunamis.
The forlces exei"ted’bAy the tsunami bore can cause thé tanker to break
its moor and ground 6n fhe near‘by‘shqrelirie. Several instance.s of
this type of accident occurred during the '1964 Prince William Sound

earthquake and in previous tsunami events.

Tankers carry from 500,000 to 2,000,000 bbls of oil. This oil is
distributed in a number of center line and wing tanks, Grounding will
often result in one or more tanks splitting and releasing their oil to

the environment,

- 2.5 Conclusion

An analysis has been made of the various combinations of storage and
transportation elements that would constitute the least likelihood of
producing a large -oil spill. The conclusion reached is that for the Atlantic
OCS the use of piﬁelines to transport oil to shore storé‘ge has the lowest
risk of a niajor oil spill due to natural phenomena, If the depth of water,
the quality of soil, or cost limits the use of pipelines, then floating °

storage and use of feeder tankers is an acceptable alternate.

9



For the Gulf of Alaska, use of pipeline, éshore .storage and tanker
loading at a mooring bouy is recommended. "As was thye case in the
Atlantic, if use of a pipeline is not pos siblé, then floating storage and
a single 'pc)i‘nt t;lpe of moor is an al.tverna‘te ;:hoic'e. Having a tanker moor |
at a fixed berth in any of the ports surroﬁnding the Gulf of Alaska will
expose the tanker to the possibility of serious damage beihg caused

by a locally generated tsunami.

Because of the threat posed by earthquakes and tsunafnis, the use of

underwater storage in either area should be carefully weighed. -

10



3, - CLIMATOLOGY. AND.QG EANOGRAPHY

3.1 Atlantic Offsho're Coa‘stal Shelf.

The general surface wind pattern along the, Atlantlc Coast is controlled

largely by the pos1t1on and 1nten51ty of the Bermuda Azores h1gh pressure
system, The_maJor'lo_W-pressure storm systems whlch develog sweep
through .the regions ina north- ta "ea;f-atsnortheas't diiﬂection. - They can he

intense and severe,’ and are accompamed by strong, gusty wmds and

heavy seas. Thesa extra troplcal cyclomc conditions occur most often ‘

during the wmter months -wheo the Bermuda-Azores h1éh is located far .

to the séutheast. Tropx(al vcyclcn‘elsl"(q'__ hwrricares)also occur frejuently. Most oocur
from JUI:IQ_‘t.hll‘ollgth‘()‘Vem_Bévr.‘ . Less than3% occur outside this period.

The maxlmum winds thatrare“.fouo.dla_\lor‘lg' tlle Atlantic CoaAst are associ-

ated with the p‘as-Sag»ev: of these:cy’clones' or hurricanes.

Y-

‘ Using technlques developed by Thom, NOAA has calculated the maximum
sustained w1nd occurrence probabﬂxtles for each of the fwe areas located

along the'- Atlantxc-€oa»st<(.‘~F1gsore 1)y :""éﬂhe-se‘are gwen below. _

TABLE 1. MAXIMUM SUSTAINED WIND* (m knots)
FOR EACH ATLANTIC OCS AREA .

5yr. 10yr., 25 yr. 50 yr. 100 yr.

- Area 1’_‘[1 g 69 i 76 35 92 S 101
CAreaziotl 66 T3 83 Y 102
A3 e T2 &9z 103
Areat - 69 719 es 109 126
Area..S " e 13 88 102 118

nMaxunum sustamed wind is defined as the average over a one minute
period of the maximum measured wind. Maximum ﬁust ve10c1ty is
usually: about 1. 4 times the maxtmum sustamed win T

11



Figure 1. Location of Potential Oil Field sites and climatic zone
boundaries designated by the National Oceanic and
Atmospherics Adminisfration
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The maximum sustamed winds.are plotted m Figure 2 and compared with
wrnds in the North Sea and the Gulf of Mexico. The 1ess severe'wmds
recur less frequently than thosE in the North Sea On the other hand, the
hrgher velocrty winds occur more frequently on the Atlantrc OCS. This
will requrre that a greater desrgn wrnd be used to. achLeve the same design

obJectLves“as those in use in the North Sea.

' ngh waves along the Atlantic OCS can be generated by extratropmal or
trop1ca1 cyclones. Smce extratrop1cal are more frequent than tropical
sto_rms, the ehance of high waves is greatest from about September
through June. The highest wavee recorded have occurred in-‘the‘watere
off Georgia, where they have reached 87 feet, and south of Cape Hatteras,

where 60 to 70-foot waves have’ been reported

Using the Thom recurrence values of wind and.applying hind cast techniques,
NOAA'has calculated the maximum wave heights and significant wave:
heights for each of the occurrence intervals, -
' TABLE'2, MAXIMUM WAVE HEIGHT (in feet)
- FOR EACH ATLANTIC OCS AREA
5 yr, 10 yr. 25yr. - 50 yr. 100 yr,

areal 79 86 95 103 112

areaz T3 B0 88 96 103 ;
_ Area3 82 8 99 107 116

Area 4 | 73 - 9 .88 95 103

Areas 61 . 66 T3 19 86

13
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Figure 2, Comparison of Maximum Sustained Winds for the
Atlantic Coast, Gulf of Alaska, Gulf of Mexico
and the North Sea : :
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TABLE 3, SIGNIFICANT WAVE HEIGHT*(in feet)
FOR EACH ATLANTIC OCS AREA -

5yr, 10 yr, 25yr, 50vr, 100 yr,

Area 1 44 48 53 57 63
Area 2 41 44 49 53 57
Area 3 A 46 . 49 55 ‘ ~ 59 64
Area 4 40 44 49 53 57
Area 5 34 37 41 44 48

Area 3 experiences more intense extfatropiqal cyclones than Area 4,
While the wind speeds in an extratropicgl Cy}clone are less than in a-
tropical cyclone, the pe-rsisténce of the storm over days rather than
hours results in generation of higher amplitude waves, For this
reason the maximum and si_gnificant wave heights in Area 3 are greater

than those in Area 4 although the maximum sustained winds are less.,

The maximum and significant wave heights in Area 3 are compared with

those in the North Sea and the Gulf of Mexico id Figures 3 and 4.

Currents are predominantly from north to éouth along the coast increasing
in speed from about 0.5 knots at the north to 1.0 knots at the south, The
Gulf Stream, with speed of 2.5 to 5.0 knots, ﬁérallels the southern.
Florida coast and approaches to Within 5 miles of the shore, Tidal
currents along the.coasf‘ are gene,rally.'le.s s“uthan 0.5 knots, vWinds and
storm surges may produce currents up to 3 'knots, These currents will

" not be a critical factor in the des’i'gn.‘of offshore .stfuctures.

*Significant wave height is defined as the average of
the largest third of all waves. - '
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Figure 3. Comparison of Maximum Wave Heights for the Atlantic
Coast, Gulf of Alaska and the North Sea
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Icebergs have been sighted off the Atlantic Coast but rarely as far south
as the most northern development area, Those that have been sighted

are small and should not threaten offshore structures.

Ice rafting, a common occurrence in northern coastal ports, and a
serious design problem in areas having wide tidal swings such as found -
at Cook Inlet; is not a problem in the Atvl-iavn‘ti-c' coastal region whetre
tides range from two feet in.the south. to about ‘six feet in-the northern
areas. ‘ g “’
Of more concern is the problem of ice accretion on ships and offshore
structures, NOAA has estimat:ed thleilike‘liho'od‘ of fﬁdderate 'i'c'inj'g*
for the winter months as follows-: |

TABLE 4. MODERAT.‘E iCING PROBABILIT‘Y FOR

ATLANTIC OCS AREAS (% frequency)

Dec. Jan, Feb, | Mar., Apr.
Areal . L8 5.6 83 2.2 - .l

Area 2 2.0 5.8 Tl .9 0

Severe ice accretion (build-up rate greater than 23'//day) is not likely

to occur in the Atlantic regions bein_g considered.
The hazard of ice accretion can be minimized or eliminated by pro-
viding heatingv_coils, expandable bocté,‘ and, -as a last resort; use of

axes and chipping hammers,

% The Environmental Data Service National Climatic Center defines
moderate ice accretion as having a build-up rate of 13 to 2% inches
per day. : :
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Storm surges often accompany the passage of tropical and extratropical
cyclones; Maximum ambient water. levels as high as 15 feet above mean
low water have been recorded and heights of 10 feet are.common at many

points along the shoreline \during severe st‘or'ms..' '

Storm surges are a shoreline phenomenon and as such do not ha.zard
offshore structures, _In the shorehne area they can damage and destroy-
facilities located on-tideland sites.: Storage tanks that have been improp-
-erly sited are ‘the_strncthres 'rriost;frequently affected. Placement of
structutes’ on' higher gronntlf or in_stalling.adequate dikes etiminates the

oil spill probiems associated w_ith'storm'»surges.

S 3.2 Gulf of Alaska :

The pr1mary feature controlhng the weather 1n the Gulf is the semi-
permanent Aleutian Low. Th1s cyclone usually appears in September

' moving gradually westward in winter and sprmg.‘ Late fall and early
winter are the seasons of-strongest vptres-sure grad1e'n'ts and, tn‘geneial
the stormiest ps.r't of the y‘ear. B The warrm months brmg the d1smtegra-
tlon of the Aleutlan Low and the area‘ falls under the 1nf1uence of the
North Pa'cific subtr‘opi(:al h'igh._"f;'

Dur1ng flve of the six months from November throiugh April rn'ore stot-ms
are found in the Gulf of Alaska than in’ any other part of the Northern
Hemisphere.” 'These storms..m‘ove in from west and.southwest ‘and move
out to the southeast. Formetio_n-and intensiﬁCation of storms can take’

place in the Gulf in_‘al_i seasons, . .
Ch e '

+ Maximurh of astronom1ca1 t1de + storm surge + barometric" occurring
s1mu1taneously
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The rim of high coastal mountains impede the frequent storms that move
in from the southwest. In some cases these storms weaken and disappear

but frequently they retain their intensity and stagnate in the Gulf for days,

The winds over the Gulf are generally soﬁthwesterly to westerly in the
summer months and easterly the rest of the year.I Average speeds are
highesnt in late fall and early winter and are generally above 15 kriots.
Gale-force (= 34 ki) windé, can occur year round alfhough they are rare
during the summe‘r months. Gusts of 66 knots or greater occur almost

monthly during the winter season,

Using statistical methods developed by Thom, the National Oceanographic
and Atmospheric Administration has calculated recurrence values for

maximum sustained winds for Areas 7, 8 and 9 (See Figure 1),

'TABLE 5. MAXIMUM SUSTAINED WIND (kt)
FOR EACH GULF OF ALASKA OCS AREA

. 5yr, 10yr, 25yr, 50vyr, 100 yr,

Area b 71 77 86 93 10l
Area 7 75 82 91 99 107

Area 8 69 75 84 91 98

These values are also plotted in Figure 2 and compared with similar
wind calculba;tions for the North Sea and the Gulf of Mexico. In general
maximum winds in the Gulf of Alaska are 10% higher than those in the
North Sea and about 30% higher thanfhose th_é.t occur in the Gulf of “

Mexico for the same probability of occurrence,

20



The seasonal distribution of waves closely follows that of high winds.
" ‘Waves 220 foot have been observed in the months from September
t’hrough April and the significant wave heights are higher than those

found in the North Sea and the Atlantic OCS areas (see Figure 5).

Using the. Thom wind recurrence intervals and recognized hindcast

techniques, NOAA has calculated the recurrence intervals for each area:

TABLE'6, MAXIMUM WAVE HEIGHT (ft)
FOR EACH GULF CF ALASKA OCS AREA

5 vyr, 10 yr, 25 yr, 50 yr, 100 yr,

Area b 62 68 .75 81 - 88

"Area 7 70 16 85 92 99
Area 8 59 b4 71 717 83

TABLE 7. MAXIMUM SIGNIFICANT WAVE HEIGHT (ft)
FOR EACH GULF OF ALASKA OCS AREA

5yr. 10yr, 25yr, 50yr, 100 yr,

Area 6 34 38 42 45 49
Area 7 39 42 47 51 55
Area 8 33 35 39 43 46

As would be expected, the maximum wave heights occur in the central
‘region (Area 7), the region where the storms tend to stagnate and
intensify, It is also 1mportar1t to note that the wave heights in all

three areas are less than those found in four of the five areas of the

Atlantic OCS.
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The recurrence intervals have been plotted in Figures 3 and 4 and com-
‘pared with those in the North Sea and the Gulf of Mexico. Although
greatér than those found in the Gulf of Mexico, they are less than those

occurring, in the North Sea.

Very little data is available on measured currents in the Gulf of Alaska.
Usual practice h‘a'.s;-beet‘l‘to calculate values of current as the sum of
tidal current, drift éurrents, and currents asséciatéd' with the general
cirqulgat_ion“p'éttérn in the area, These.calcula‘tions indicate a maximum
‘su.rface_ cu'rrent -ve\mr‘ying from 3 to 4 knots can be expected, decreésing

to a knot at depths of 1000 feet.

Many glaciers are found on the perimeter of the Gulf of Alaska. The
glacier faces are fronted by small inlets created by the advance of the
glacier which occurred centuries before during colder eras. The inlets

are bounded by a moraine bar which marks the line of furthest advance.

Icebergs are frequently found in the'glacié.l inlets, They are produced
by calvin".g at the glacier face. Hoéwever, the bar at the mouth of the
inlet prevents all but the smallest bits from entering the open watet.

For this reason icebergs are not a hazard to Gulf of Alaska operations,

Ice accretion is a more serious problem‘in the Gulf of Alaska than was
the cas e..i_n;‘the North Atlantic, NOAA has predicted the following

frequencies for moderate and severe ice accretion,
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TABLE 8., ICING PROBABILITY FOR GULF
OF ALASKA AREAS (% frequency)

Oct. Nov. Dec. Jan. Feb., Mar. Apr. May "

Area 6 Mod. .3 1.0 3.6 8.3 2,2 2.8 .1 P

Sev. - None
Area 7 Mod. .1 1,2 8.9 7.5 6.4 9,1 .9 2
Sev, “--- -—- - . .6 - - --—

Area 8 Mod. .6 4.3 22.0 11.0 20.0 9.5 3.2 - .2

Sev, o amm  mee am- N R

Comparing the data in Table 8 with that in Table 4 it is clear that
conditions for icing occur much more frequently in the Gulf and extend
over a much larger period of time. Provision for ice removal will be

even more important than it was for the Atlantic regions.

There is no storm surge data available for the Gulf of Alaska regions.
Calculations of increases in elevation due to astronomical tides, o
wind-driven ‘su.rge,‘and response ’pb barometric variations show that .
the total rise shoulci be less than 20 feet. As was the case in the 4
Atlantic this should pose no problem provided onshore structures

are properly sited.
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4, EARTHQUAKES

4,1 Generall

The theory of plate tectonics has been generally accepted to explain the
occurrence of most earthquakes, This theory postulates thevconc‘el})t’
;chat the earth is slightly plastic. This plasticity allows the continental
and oceanic plates to drift slowly over its surface, fracturing, reuniting,
and possibly growirig iﬁ the ,p’ro'éess. Inareas \.x'/here plates are sepa-
rating there is a build-up of tensile stress which is relieved from time
to' time by fractui-ing; The fracture zone is marked by fche occurrence
of moder'ateiy severe earthquakes. In regions where plates are joirﬁng,
compressive stresses develop. These stresses are relieved by frac-
turing along the fault. The areas of stress .build-u'p aré marked by dip
strike and slip strike faults and the occurrence of severe shallow and

deep focus earthquakes.

The theofy postulates thai: the North Atlantic plate is slowly moving away
from the African plate ‘a.nd ciollid/ihg with the Pacific Ocean Ba.sin plate.
The rift zone is m‘a}rk'e‘d by the Mid-Atlantic Ridge. The strike zones in
the Alaskain' region are marked by faults and trenchels such as the Alaskan-
Lake Clark fault and Aleutian trench. One therefore exéécfs mode’rat:ely

severe earthquakes in the Atlantic and severe earthquakes on the Alaskan

perimeter and such is the case.

Earthquakes are also observed in areas which are distant from rift and
strike zones. These earthquakes are generally due to subsurface consoli-

dation of large soil volumes, They are much less frequent, less severe
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and generally deeply focused, They rarely cause structural damage to
structures and facilities, Most earthquakes in the Atlantic coastal

areas are attributed to this cause.

4,2 Atlantic Offshore Continental Shelf 1

Tectonic activity along the North Atlantic rift, the St. Lawrence Valley,
the Laurentian Trough and the Cabot fault can produce moderqtely high ')
seismic activity, In addition, settling of the coastal pléin sediments :
east and south of the Appalachian range c‘an produce occasional strong

shocks,

Historical records of earthquakes for the past 300 years have been
reviewed, The significant ones (Mercalli intensities greater than IV)
are listed in Table 9. While seismic activity is considerably less
than in 6ther seismically active areas, the intensity can be‘almost

as severe.

The location of each of these earthquakes has been plotted in Figure 6,
The Richter magnitudes, wﬁich can be roughly correlated with the'
observed Mercalli Intensity™, are shown in parenthesis at the location
of each event. One notes that the‘predorr;inaht nurnbeI" of earthquakes
occurred in the northeastern section of the Aﬁlaﬁtic Coast in the vicinity
of the first four proposed sites. Only oné_earthquake (albeit one of the
most severe) has been recorded in the southern portion. of the ;shelf.
*While Mercalli intensities are not directly correlatible with Richter
magnitude, the effects can be roughly correlated. If this is done, an
intensity of X would correspond to a Richter 7.2 and an intensity of

XII would correspond to a magnitude of 8.4 or about the magnitude of
the Alaskan Earthquake of 1964.
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.TABLE 9. MODERATE TO SEVERE ATLANTIC COAST EARTHQUAKES RECORDED SINCE 1727.

Eshmated ) )
; : - Modified Correlated ‘
x Lat, = Long: Sl Mercealli Richtet Scale . Felt Area
Date N - W o Intensity Magnitude ‘ Sq. Miles
1727 NOV. 9 42.8°  70.8% (Masst) - . . ovml- . o 6 . . 75,000 "
1737 DEC. 18 40,8 74.0 (N, J.) B 4 5-6
1755 NOV, 18 42.5  70.0 (Mass;) - VI - “300, 000
1817 OCT, 5 42.5 71.2 (Mass.)- . - VI-VOI 6
1880 JAN, 2 22.8 '80.'8 (Cuba) , oovin 6 - A ' 65,000 (U.S.)
1884 AUG, 10 40,6 74,0 (N3 - VI EE .. 70,000
1886 AUG. 31 32,9 80.0 ('Cha'ueston, . IX-X T © 2,000,000
' . 8.C.); , ~
1897 MAY 31 17,3 80,7 (W, Va.)~ v 5.6 o 280,000
1904 MAR. 21 45,0 - 67.2 (Mame) ' viI 5-6 150, 000
1927 JUN. 1 40.3  74.0(N.J.) - VI J 5-6 3,000
1929 NOV, 18 44,0 56,0 (Grand X 7. : 80,000 (U.S.)
B‘ankg) . . .
1940 DEC. 20 43,8 71.3 (Maine) vt 5-6 150,000
1944 SEP, 4 45,0 74,8 (St. Lawrence v 6 175,000
] Valley) : . )
1957 APR. 26 43,6 69,8 (Maine) v 5 © 31,500

MODIFIED MERCALLI INTENSITY"SGA'LE OF 1931 (ABRIDGED) :

Vi " Felt by all; maay frightened and run outdoors, Some-h'eé'vy futniture Enovgd; a few instances
of fallen plaster or damaged chimneys. Damage slight. (VI to VII Rossi-Forel Scale.)

VII Everybody runs outdoors. Damage negligible in buildings of good design and construction; --
. slight to moderate in well-built ordinary structures; considerable in poorly built or

badly designed structures. Some chimheys broken.. Noticed by persons driving
motorcars, (VIII Rossi- Forel Scale ) . T

VIII Damage slight in specxally de51gned struceures; conslderable in ordinary substantial buildings,
with partial collapse: great in poorly built.structures. Pinel walls thrown out of frame
structures. Fall of chimneys, factory stacks ‘columns, momuments, walls. Heavy
furniture overturned. Sand and mud eJected in small amounts. Changes in well water,
Persons dnvmg motorcars dlsturbed. (VI to IX R0351 Forel Scale,)

X Damage considerable in specxally desxgned structures; well dealgned frame structures thrown
out of plumb; great in substantial buildings, with partial collapse. Buildings shifted off
foundations, Ground cracked consmcuously. Underground pipes broken, (IX+ Rossi-
Forel Scale.) : : . : Co ) ‘

X Some well- built. wooden structures destroyed most masonry and frame structures destroyed
with foundations; ground badly cracked. Rails bent, Landslides considerable from river
banks and steep slopes. Shifted sand and mud. Water splashed (slopped) over banks/

(X Rossi-Forel Scale,) o ’
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Two earthquakes have 6c;'curréd .that ha__.vfe'been‘ clas si.fied' X on the modified
Mtercalli‘scale. Earthquakes of this intensity Will‘cause"considerable damage
even to well designed structures, and prgduce fouridatiqn damage with t'he

: possibiiity of collapse, Grouné craéki’n‘g wiil b'e.nqtich and landslides’ can;
be expécted. One of thpse, tﬁe 1929 Grand Banks éarthquake, caused a

st

turbidity cutrrent which destroyed communication cables over a wide area.

4.3 Gulf of Alaska

Al'askatand the Aleutian Islands are part- of the great seismic belt that circxilm-
scribes the Pacific Ocean Plate. Eafthquake- activity here is more frequent
and mofe intense than in any of the areas Jth the Atlantic offshore shelf, In
the interval between 1899 an(éi 1917 there were fO;.l.I“ earthquakes in the vicinity
of the proposed sites that had magnitudes greater ‘than 7.8, Since then there
have been eight earthquakes having magnitudes greater-than 7,0, The_date;

and magnitudes are given in Table 10 and the locations are shown on Figure 7,

o

The seismic 'a.ctivi_t'y:ir; the Ala_l_ska area is separated -into_ two zones. One z“one,
apprc‘)')‘(i“rnate_lyvzw()\;(] miles wid‘e, extends to the left of Longitude 146° from
Fairbanks through the Kenai Peninsula to the n-ea'r Islands, :The second zone
east of longitude 1449 begins north of Yakutalt Bayv and -éxtendé southeastward
to the west cvoas't' of Vancouver Island, Opinion is ‘diVided as to whethervt'héi'

area between the two 'zones is'a region of unrelieved straih having a high

The ground motion can force a portion of the bottom sediment into suspen--
sion in the overlying water. If enough sediment can be stirred into
suspension the resulting dilute mud may become suff1c1ently dense to flow
-down a slope under the force of gravxty. This flow is termed a turbldlty
current on suspensmn flow,
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TABLE 10. PROMINENT GULF OF ALASKA EARTHQUAKES

Great Earthquakes (M > 7,7), 1899-1917 R

- ichter
Greenwich ~ Epicenter Focal - Magnitude
Date - Location . Depth (km) M
9/4/1899 60N  142W -— 8.3
9/10/1899 60N 140W . BT A )
9/10/1899 - 60N . 140W - - 8.6
10/9/1900 60N  142W - 8.3

Major Earthquakes (M=7.0), 1918-1973 .

"

Date . . Location Deéth (km). . M
6/21/1928 60N  146iW - 7.0
5/4/1934 61IN - 1475w 80 1.2
1/12/1946 593N “ 1473W 50 - 7.2
9/27/1949 593N 149W 50 7.0
4/10/1957 56N 154W -- 7.1
2/6/1964 50N I56W L 7.1
3/28/1964 6LIN 147.6W 20 . 8.3/8.6
9/4/1965 58N 1523W 19 7.0
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probability of producing the next se{rere earthquake or whether the .

region is an area of naturally infrequent earthquakes.

The intenéity and magnitude of‘ea‘rthq‘uakes in the vAla'skan reg‘io.n. are
as severe as any that occur throughout the world, In the 1964 Alaska
eé‘rtﬁqua.ke I(Richter 8. 3‘ £o 8. 6), significant damage extended at least
90 miles from the epicenter, Permanent ground deformations occurred
owi/er- 100,000 squairevm-iles. ‘In the vicinity ofAMontague Island, vertical
deformations o-f.about 30Vf‘eet and horizontal deformations of about 80
feet were recorded. In addition, wide scale land slumping and slides

were recorded throughout the central Alaskan coastal area.

4.4, Earthquake Recurrence Relations

Whilé the plate tectonic theory provides a plausible explanation for
zones of earthquake activity, it is not sufficiently developed to predict
the flrequency .or intensity of ear*:hquakes along'rift or fault lines. For
this it is necessary to rely on hisidrical data. This was done for the
stut}ly. Using data provided by NOAA, recurrence relations were
constructed for the Gulf of Alaska and the Atlantic coastal area, These
alj'e shown in Figure 8 and illustrate the markedly less frequent occur-
rence of seismic activit? on the Atlantic coast. It is also to be noted
t,HaE the maximum fepgrted elarthquake correlated to 7.2 Richter -While
in the Alaskan region of interest there have been eight earthquakes

within the past 55 years having magnitudes greater than 7.0 Richter,
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5,  TSUNAMIS -

5.1 General

Neaflyl é.ll natufally o.ccﬁfring fsunamis afe closely associated with
iarge ‘sﬁb‘mariné' eéf’chq_uéke-‘s of Ri.ch;er rﬁaénitﬁée greater than about
6.5 and focal dépths less than 50 kilometers. The mechanism of
generatioﬁ is geﬁérally due to vertical dislocations of the sea floor.
Lé.n/élfslidlé‘:s‘, volcarucexplosmns a‘xhd‘dth‘ér pﬁé-rldr'hena-.a.ssociated

with large ground motion can also p.ro‘duce damaging’ wévés. 'Howevér»,
the damage causeci by these waves is limited to the vicinity of the

source.

Tsunamis are divideci into two ;:atégories:'those that are generatgd at

a source remote from the area of interest and those that are gener_ated
Iocally. A review of the “historic_al records of tsunamis indicates that
no remote tsunamis have caused &amage in either the Atlantic Coastal
area or on the perimeter of th‘e‘,gulf_of Ala,ska. "This is not surprising
since an analysis of»the‘tspnamo‘ggnic regions in the Atlantic and Pacific
basins confirm that the oriéntatidn of faults is such as to focus the wave

in a direction different from that pointing to the areas of interest,

The historical records also show that there have been no locally gen-
erated tsunamis that have _resultéd in damage to the Atléntic Coast* A
plausible rationale can be proposed for this byl considering Figure 9.
Whiqh illugtrates the relationship betweén the m‘agnitude of a seismic
eve.n'tvanid. (':hébh;i»g!ht.of‘the Wav.'é“r‘ie.ar thé‘ generafiné source, As was
noted earlier, the maximum mag’nitucie earthquake that was believed

*A number of locally generated tsunamis have occurred in the
Caribbean chain of islands: Haiti (1775), Virgin Islands (1867; 20 feet),
Puerto Rico (1918; 15-18 feet). ‘
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to have occurredrin the Atlantic Coastal region was estivmate‘d to be
about 7 Richter, The tsunami generated by this s.eismic. evenf would
not likely be greafer than) 6 feet and would not cause damage except if
" affected by unusual harbor and bay effects, The limitati:)ns of this

rationale are obvjous but it does support the contention that tsunamis

do not pose a threat to Atlantic OCS development.

5.2 Gulf of Alaska

Historical records show-that a number of destructive tsunamis have
occurred in ports on the perimeter of the Gulf of Alaska, Two have

been recorded in Valdez Bay ‘within the last 70 years. Other ports that
have experienced damaging tsunamis include Cordova, Whittier, Seward,
Kodiak and Yakutat, All of these tsunamis were generated by sources

close to the affected ports,

In the section on earthquakes it was pointed out that severe earthquakes
occur frequently in the Gulf of Alaska. Applying again thve rationale that
the maximum tsunami wave height near the source is related to the

magnitude of the sve‘ismic event, it can be seen that wave heights greater
than 30 feet can be expected to be generated in this area. This is borne
out by analysis of the waves generated in the 1964 Prince William Sound
earthquake in which it was estimated that the maximum wéve height

exceeded 30 feet.

To determine the tsunami wave heights that could occur at points through-
out the Gulf of Alaska a series of calculations were made in whicha

vertical uplift up 30 feet was assumed to have occurred at various points
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within the Gulf. ' The resulting tsunami wave was then allowed to propagate
' throughout the Gulf. Fig.10 illustrates a typical case 30 seconds after the
initial uplift, As can be seen, wave heights o‘f 25 feet encircle the fault .
line and wave heights as much as 10 feet extend into Prince William

Sound,

From these calcuvlat‘ions a Conl:Ourima.p of I‘>o}cerl1t’ia‘1 tsunami wave heights
throughout the Gulf was developed, This is illustrated in Figure 11.
One can see that the wave heights as high as 35 feet can occur in the
vicinity.df the platforms va‘h‘d.can increase in height as the shoreliﬁe is-

approached, |

Calc.t.lllations were also made for various ’harbors 'suvr‘l;m'mding on the
Gulf of Alaska. >On.e examéle.is shown in Figure 12. The porf of interest
was Seward and the ‘calvculations .are shown for seismic events locaf-:ed”
in a western Gulf location, centrél Gulf loc’ation and anveasternv
Gulf location, As expected the waves from the nearest seismic event
produced the l‘a'rges"t wave (Case 1) (26 foot above the previous still
water Ievel); HoweQer, t'he’east‘ern-' seismic event, (Case 2), ‘although
located about 150 miles away _prbduced a llvO foot wave. The western
se‘is“m’i‘c (Case 3) event, which was oriented along the Northeast - South-
west fault propagated its waves in south easterly direction and did not

produce a very high wave.

These calculations ignore the response of harbors to specific charac-

teristics of the incoming tsunami wave such as direction of approach,
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Figure 12, Tsunami Wave Height Calculations for Seward, Alaska.

(Harbor Effects Not Included)
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‘wavélength, and bottom topography. Under prope.r cond;Ltlons the harbor
can :act as a wave height amplifier resulting in waves that are much
higher than\/those found at‘nearby coé,stal stations. For example, the
tsunarﬁf produced by the April 1946 Aleutiaﬁ ¢a.i'thqua.ke producéd waves
in Hilo, Hawaii as high as 25 feet. Yet at other locations on the North-
east Coast ;:f Hawaii, the heights varied from as 11t£1e as 10 feet to as

much as 55 feet. Careful study and testing.of proposed harbor sites

will be necessary before predicted wave heights can be determined,
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6. | THE IMPACT OF NATURAL PHENOMENA ON OFFSHORE
OIL FIELD DEVELOPMENT

6.1 General

[

Offshore Oil Field Developm.ent is divided into four phases: Explora- '
tion, Production, Storage and Transportation, The activities that
take place in each p'hése and the equipt:nent that is used are described’

in the Appendix.

Natural phenomena can cause éil spills in each phase of development.
However, as was pointed out earlier, only '.severe storms, eathquaicés
and tsunamis pose serious threats. The effect of storm surges, ice,
currents, etc. while important, are not likely to be critical factors in

the design of structures and facilities.

6,2 Exploration Fhase

Natural phenomena can be a cause of oil spills during this period by
causing the drilling platform to collapse, capsize or be blown off stafion
resulting in failure of the marine riser. If the marine riser fails

drilling mud and cuttings will be released to the environment, If a
for;na.tion has been penetrate.d, there is'. also the possibility that the -

well will blow out ana gas)and/or 0il will be released. Back-up protection
against oil spills (or other pollutants) is provided by requiring use of a

Blowout Preventoz: (BOP) on the sea floor and having advance warning

of an impending severe natural force so that BOP valves can be actuated.

ko

Usual industry practice is to place the BOP on the seafloor when floatmg
drill rigs are used and to place it on the platform when fixed platforms
(i, e. Jack-ups) are used.
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Severe storms present hazards for floating and fixed platforms in both
OCS areas. TBe threat is moré'severe tﬁan in tﬁe Gulf of Mexi.co and
possibly even the Noi"th Sea. Expériénce to date indicates that industry
has had a c.er'tainAmgasure of succ‘es‘s in scaling up Gulf vof Mexico
technology to meet the nﬁore'l hostile environm‘epts found in thé North Sea
but losses have oc“cu'rred.: Si‘,nce' 1965, ‘t'here have been 10 drill rigs
lost in which‘ severe weé.l:her was eithef a prime or contributing factor
in the loss, One of the 1ossés (the Séa. Quest iﬁ January, 1§6.8) caﬁsed

the well being drilled to go wild.

The frequéncy of severe stérms can also have an effect on exploratory
drilling. »Plre‘suming‘ semi'-v‘subrhersi.bles‘ will be used in both>aréas,,

the wave éction will cause pla‘tféffn métion.;vhich in turn leads to fe—
duced personnel pérformance (e. g sea-sickness), increased rates of

‘ structural fatique failure, and increased dynamic stresses on equipment
ha'n.dling_"devices. These factors é#uﬁe accidents. Prudent operation
‘of th’é_ rig dictates that drillingbperations.be stopped when weather
conditi_ons exceed the opefatiohal li?nits gpecified in the design, Warn-
ing times for impending severe stofms"w"lll i'a.-nge ‘Ifrorn about 1 hour in
the Gulf of A1-aska to aboﬁt'24 hours on the Atlantic OCS. Thig_ can be
compared with minimum warning times ‘of 2-4 hours in the North Sea, aﬁd

24 hours in the Gulf of Mexico,

Experience with the severe storm environment in the North Sea shows
that drilling operations _ha‘\'re had to halt for weeks at a time, especially
during winter periods. Semi-submersible drilling operations in the

North Sea, from 196841971, have éxperienc'ed 20% to 3OWo'd6Wntime
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attributable to weatheér during the months of October thrqugh March.

The a.nnual’ a'verége was 14% downtime over this 4 year period. Although
new construction specifically designed for Gulf of Alaska operations

can be expected to incorporate lessons learned in the North Sea, it is
quéstionaiole whethér the drilling season can be extended and costly

downtime waiting on weather reduced.

The Gulf of Alaska generally has a higher percentage of lsievere weather
in the winter months than is found in the North Sea while the Atlantic

OCS has a lower percentage. One can expect that operational downtime
will be higher in the Gulf of Alaskal in the winter months when compared

to the North Sea, Atlantic OCS operational downtimes should be less.

Although there is usually advance warning of severe storms, there is
no warning for earthquakes and local tsunamis. The threat of such
phenomena in the Atlantic is quite small -- but not zero. In the Gulf
of Alaska, seismic events are frequent and can be severe, Floating
drill platforms are only sllightly affected by local tsunamis and ndt

at a‘ll by earthqua.l;es.A fixed platforms, on the other hand, will be
exposed to the full effects of the seismic event and their use_should

be carefully weighed.

6.3 Production

Almost all offshore production systems being installed today are fixed
steel frame platforms. As such, they face the same natural
hazards as the fixed drilling platforms used in exploration. As environ-

mental forces have increased, industry practice has been to build bigger
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and stronger platforms. Thetre.is some concern within the industry that
steel-frame platforms can continue to increase in size and weight to meet
even heavijer env‘irdnmental‘,loads. * The principal objection is the -
rapidly increasing cost associated with the larig:er structures. Longer
graving ‘structufes- are needed during construction, expensive flotation

_units are required to transport the structure to the site and a major

effort is needed to anchor the structure in position at the site.

These considerations are. leading the oil companies to begin investment . -
in other concepts such as; concrete platforms and sub-sea completion
sy-ste‘ms.‘ Mobil recently contracted for a concrete platform for use in
the Beryl field in the.North-Sea at.a cost of $65 million. Shell has also
begun work»on‘a _cpnerete [leet,f‘orfn for use _in'the Brent field at a cost of

$55 million,

Large well equlpped platforms in the Gulf of Mexico designed to

be placed in 300 feet of water and withstand 100 year winds and
waves weigh about 10,000 lbs and have bases which measure about
100 x 200 feet. By comparison, British 'Petroleum plans to install
two platforms in the North Sea which are also designed to meet 100
year storm criteria. The platforms will weigh about 48,000 1bs.
and require bases spanning an area 200 x 250. Since costs tend
to increase in parallel with weight, a f1ve fold increase can be

‘ expected ' '
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The increasing cost of production platforms has led to an increase in
the number of wells that a platfpr_m must service. Modern platforms
are able to service 20 to 25 wells, . Future platforms can be éxpected -
to be able to service as many as 40 wells or more. In the event of
platform collapse each of these wells faces the possibility of blowing
out and releasing gas and/or oil to the environment, lProtection against
blowout is provided by manual and automatic valves installed at the
wellhead or on the platform and by automatically actuated and remote
actuated subsﬁrface valves installed below the surface in the conductor
pipe. Subsurface valves are now required by the USGS in all new wells

and, when possible, in wells that have been worked over,

The reliability of subsurface valving has been low in the past. Principle
cause has been sand erosion and paraffin blockage of the valve mechanism,
Follow.ing several disastrous accidents in the Gulf of Mexico in 1969,

the oil industry began a comprehensive effort to imprbve valve relia- .
bility, Recent tests by the USGS showed reliabili“ty had improved to
better than , 96, Research is continuing at severall Texas universities

to further improve the valves to the point that even if the platform should

collapse oil or gas would not be released.

Severe storms and earthql,:lakes will be the principal hazards to plat-
forms, Since storm forces in the Gulf of Alaska are comparable to
those in the North Sea, transfer of North Sea technology, technique and
experience should be possible, The more severe storm eﬁvironment in
certain areas of the Atlantié OCS may require that new concepts be
applied in order to keep costs within bounds, The danger, however, of

applying new concepts must be recognized,
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As was the case for exploraticn, advance warning of impending severe
storms will permit shutdown of well flow and provide added assurance

that blowout will be prevented,.

Earthquakes present a significant t‘hreat to fixed production‘platforms.
This is especially true in the Gulf of Alaéka where severe earthquakes
are a ffequent occurxien(:e. vOil in‘du;stry experiencein the design .of
earthquake resistant structures is lirﬁited. Fixedvplatforms placed in
shallow water in Cook I‘nlét: did survive nearby earthquake of Richter
6.5 without damage, These platforms had been designed to withstand
high water current and ice rafting forces and included features not
feasible fgr use in d‘ee‘p wafer applications. ‘More pertinent is the plat-
form designed -- but not ‘ye't installe.d‘ -- for ﬁse in the earthqvua_ke
prone Santa Barbara Channel'area, The platform is a 940' steel frame.

tower designed to withstand without failure the strongest potential ground

e
.

shaking at the site. > Although the design itself is not transferable to

seismically active areas such as the Gulf of Alaska, the technology is
and no significant new technology should be required in order to design stronger

earthquake-resistant structures,

* A design spectrum scaled to reflect a stabilized ground acceleration
0of 0.5 g was used, This was the maximum acceleration that had been
recorded up to the time the design work was completed and was believed
to represent the maximum force that could be expected, even from
severe earthquakes. Since then, greater accelerations have been re-
corded. Opinion is divided as to the significance of these new values
in regard to the maximum earthquake that the platform can withstand.
The San Fernando Valley earthquake of February 1971 produced at .
Paicoma Dam at ground accelerations as high as 1.0 g although the
Richter magnitude was rated at about 6. 6. As a check of the proposed
platform design the structural response was calculated for the motions
measured at the dam., The analysis indicated the structure would
survive. :
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Earthquakes also trigger landslides and other forms. of soil instability
which in turn can cause.a platform to collapse. Until recently, very
little attention was paid in the Uﬁited States to the proBlems of soil
stability duri'ng seismic events, The ‘ext.e'rllsive dalﬁage' in the 1964
Prince William Sound earthquake awélkeried interest in this subject

and research has begun.v Howeverl,' the state- of knowledge is such"t'hat’
only; géheral étalements can be made regardlng the miﬁlfﬁizlng. o'f: Ith!is.
effecht. For example, sites should not be located on stle:ep slopes orv oﬁ
soils having poor cohesive properties. Before the 'specifi_c s‘i_,té is

selected, an extensive test bormg program must be cornpleted to ensure

the structural stab111ty of the underlymg foundat1on bed

The lack of advance warning of impending _eaz"thqua‘kes increases tlle
risk that a major oil spill can occur, The redundancy afforded by the
manual valving systems is lost. In addition, if plaltf;o_rgn collapse is.
due to ground slumping it is unlikely that the Christmas tree will sur-
vive. Therefore, whether oil will be spilled or not Will depen.cl entirely

on proper functioning of the subsurface valve,

It is expected that all offshore sites will be located in water de_pt.hs.
ranging from 200 feet to per_haps as mu‘ch_a.s 1000 feet,. The frame .
construction of the platform and the depth of water in whigh the plat-
form is located ‘mi'nimize‘ the forces that a tsunami would exert on the
structure. This is true even in the case of local tsunamis gerlerated, .
near the location of the platform. Fmally, the wave helght for even

the largest tsunami that can be postulated is con51derab1y less than the
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design wave height and will not top the bottom deck of the structure.

The possibility that a tsunami could occur during the passage of a

severe storm was also considered: In this case the rise in water

level could inc‘rea's‘e the storm wave height above that for which the
structure was de§igned. The probability of this occurring was calculated
~ using the tec_hnique.s’desc.'ribed in'the next section and was found to be

vanishingly small.

0.4 S‘Forage

Three tvypesv of storage can be ﬁrbposed for use on the 0Cs development:
ashore storage, afloat ééoraLge‘ and u‘nderwater‘storége. Seé appendix
for a detailed description of each type. In all three cases the volume

of oil per storage unit can be large. Tank sizes are rarely less than
200,000 bbls and can go as high as 1,000,000 bbls. Even larger tanks

are being proposed.

’

Ashoré storage tanks can be dam‘a'ged or destroyed by ﬂoodihg caused
by severe’ stérrﬁs, by‘thev é.ction of tsunami waves, by earthquake

- shaking and by loss of soil s‘t‘a»‘bili‘ty du‘fiﬁg seismic events. Damage
f;'om flooding and from tsunamis can be avoided by proper site location
such as is being done for the t’er’minus-df the Trans Alaska Pipeline at
Valdez, The same’is true for avoiding dafnage dﬁe to loss of soil *

stability, (At Valdez, the TAPS tanks will be located on bed-rock. )

The damage caused by dynamic shaking is due to the overturning
moments generated by the free surface effect of the contained fluid.

The overturning moments caused by sloshing liquid leads to buckling
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- of the base ring and subsequent collapse of the structure. The possi=
bility of damage can be reduced by minimizing the free surface effect
(e.g. the use of baffles) and by installing and strengthening the

foundation supports.

If damage to the tank should occur, secondary protection against oil
spillage is provided by surroundiﬁg the tanks with restraining dikes
capable of cénfaining the total amount of stored oil,. Ashore storage

is the least likely storage system to be affected by nat'ur'al phenomenon,

Afloat storage can be damaged by severe storms é.n~d,’ 1£ loca‘ted in
shallow water, by tsunamis, In both cases the damage is du‘e to the

tank breaking free from its mooring and then grounding or capsizing,
The likelihood of grounding can be minimized by requiring that the

moor be located in deép water at some distance from the shoreline or
shoal water, This requirement will also eiiminate- the tsunami threat
since the nature of the tsunami wave in ¢.ep water is different, The
distance will depénd on.thve time thaf would be required to Bring recc;very

vessels such as tugs to the location of the drifting storage vessel.

Capsizing can be avoided by using d'eéigns based on the concept of a
néarly submerged vertical sp#r. A 300,000 bbl storage tank using

. this concept will be installed by the Shell Corporation in the North Sea.

The lack of an adequate containment system should a rupture develop
in the tank is a serious shortcoming of this system when comPared to

ashore storage.
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- Underwater storage tanks are.susceptible to damage from severe storms,
earthq'uak’esl and tsunamis, The damage from severe storms are primarily
due to the forces generated by the water velocity and a_cc‘éleration- during
the passage of the waves. ’I‘o‘n‘nit‘i.gabte i:hes'e forces, one approach has
been to _‘,sur.round‘the »s.tlfucturei v.vvith‘ an open meSh' wave a.-t;tenuartion
barrier. This syst‘le‘mj-i‘s_ beling‘.,i‘f_;.s‘t“a}lved‘at'the-lEkbfisk-ﬁié.lflf.'ifl' the _

North sza,._ The e_)lipe‘rifer;ce gaiqecj iﬁ this '_en_vi}jo'nmelnt will be 'v‘alxluablle_

in adapting the design for use in other severe storm areas.

More important are the ha_zar_ds associated with earthqt_;;kes and tsunami's.
The dynamic shéking aé.sdrciatea W’i‘th the eérthquake gréund motion produces
large drag and inertial forc':esr is the bulky structure due to damping by the
dense medium (sea vc./ater'l)- s'lirrounding the stfuc“tﬁi{é; For the more severe
earthquakes, these forces can easily exceed the forces associated with
severe stormsand unless accountedfor can cause damage or failure of

the structure. -Similiarly, loss of soil stahility can p‘rocélu"ce equally

serious effects.

If the structurg sur\ii'ves'th; ea_rthquak‘ef ;foi"ces t.h".‘(f,.fir‘e“ar,é ‘atill the tsunarﬁi
forces to l')e”cv.(;n‘.sidv,ered. These i;lélu»de thé iﬁcreésa* in bouyanitlvforce |
p'roduced by thém’incir.'ease in rﬁean \_Qva'.‘fer level, and the ihcré_ase ‘i‘n‘drag.
forces ané‘l.inertia{:lv forces espec1allyat depth, Each ofv‘th'és;a'\faédtdrs'

will havg to’ be.c‘ojn‘:sidered; ’iinv‘l'vi.gbl.:-bf the pAropésed”'dééig:;;.. bé:f_b;e a Adév‘elop-'

ment decision is made and-'a‘pprovle‘d.
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As with floating storage, containment of oil spills will not be possible.

To summarize, ashore storage repres'ents the safest method of storage
from the aspect of oil spillage due to natufa.l phenomenon, Floating
storage can bé considered an alternate m‘ethod but represents a higher
risk, The probiems associated with underwater storage are sufficiently
great to requirve very careful analysis before using thivs method in-

earthquake and tsunami prone areas,

o,

The Phillips Ekofisk structure has a wave attenuation barrier surround-
ing the storage tanks, For small spills, this -barrier may be of value.
It is unlikely that it would be very effective in the case of large spills,
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6.5 Tr'ansportat'ibn ‘

6.5.1 Pipelines .

Pipelif"ﬁés*a,r‘e the element least-sensitive to the effec?s of natural
phenomena,  Modern methods of construction, welding, coating and
burial‘provide superior protection against severe storms, earthquake
vibration and tsunami effects at the shoreline, Elaborate route selection
and engineering studies coupled with seismic and test boring programs-
are effective in minimizing the likel'ihéod of having the pipeline traverse
arcas of unknown soil properties. When pipelines must traverse fault
lines or other regions of poor soil stability, a valve installation pro-
gram should be developed. Check, block and pressure relief valves are
'ms£alled at locations on both sides of the fault line or other unstable
zone. This will m.’inimize the amount of oil that would be spilled in

the event that foundation support is lost and a pipeline break occurs,

The proposed 800 mile Trans Alaska Pipeline design is an example

of the considerations that will enter into dev‘eloping an adequate valve
plan. The pipeline crosses three areas of high seismicity in going
north to south across Alaska., Based on'a thorough geologic and seisrﬁic
field survey, a valving program was devel’oped which would minimize
the possibility of serious oil spills along the proposed rop.tes. Ninety-
four remote control block valves and 35 cﬁeck valves are to be installed,
" The ,prc;‘.p.qsed l‘qcat_ic‘)_r‘.ls of the éralve s vﬁould.admit the maximum potentiél
(worst cafs‘e) b}i‘l,‘;pillag.e of apﬁroﬁcim.a‘t'e_ly164,0'00 bbls. This can 'onl}f
occur if the break is located along a segment comprising about 1.5% of

the length. Along 68% of the line, the maximum that would be lost
L ’ ‘
i
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(assuming prompt detection of the break) would be less than 25,000 bbls,
The expected throughput can be up to 2,000,000 bbls/day, The frequency
and volume of spills from pipeline systems that would be used on the
OCS cannot be predicted until site sele’ction and route location details
are determinéd. Nevertheless, it is reasonable to expect that large

spills can be minimized and perhaps avoided.

6.‘5. 2 Tankers

Tankers constitute one of the most serious oil spill hazards from the
aspect of volume of oil at risk., Historical data on large oil spills
shows that the majority of cases were due to tanker collision, grounding
- or structural failure caused by passage through heavy seas. Struc-
tural failure in this case could be c;onsidered caused by natural
phenomena. However, ih virtually every case the underlying cause
can be attributed to failure to prqpe'r}y maintain the hull and equipment
during upkee§ and ;t'epair periods or failure to use prudelnt seamanship
by either avoiding areas of severe storms or if tra’pped in bad weather
by modifying course or speed to minimize the wave forces, Tankvers
that are well maintained and operated in a prudent manner. should be
able to avoid serious structural damage throughout their opberating )

life,

A significantly more serious threat of oil s'pillage exists when a tanker
is moored at a fixed berth in a tsunami prone area, Here the tanker
is located in relatively shallow water (less than 100 feet and more

likely only a few feet over the maximum tanker draft) where the full

54



force of the tsunami will be felt. The forces that develop can snap
mooring lines and carry the tanker ashore. In the 1964 Alaska earth-

quake, the Standard Oil tanker Alaska Standard moored at Seward

was carried severél hundred yé.rds out into the ‘harbor. In Valdez,
the 10, 000 ton freighter CHENA broke its mooriﬁg vhen the land
slumped at the shoreiine. It was carried several hundred yards
away from the pier by the outrushing water and then carried back

onto the mud flats by the reflected wave.

Similar occurrences have been observed wh‘e‘enev.er ships have been
moored when a major tsunar'ni occurred. As early as 1867, as a
result of a ‘csuna.fni that struck the Virgin Islands, the USS DeSoto ‘
‘was severély damaged when it struck the wharf. The USS Mondngahela
was carried ashore. The tsunami wave height_w;as reported to have

béen 20 feet.

Thebpl‘roblems associated with mooring in tsunami prone areas c'an be
avoidéd: by ﬁse of the single point moor placed in deepter water away
from the shoreline. The tsunami wave forces will be less and, in
the event the r‘n‘oor parts, the ship will have maneuvering room to

regain control. -



6.6 Oil Spill Probability Estimates (-

We have undertaken to estimate the likelihood of an offshore structure
being damaged or destroyed by natural phenomena during its field life.
We had hoped that this estimate could be based on the past experience

of the oil industry in operating in the offshore environment. However,

as we have noted earlier, the environmental conditions found in the

OCS areas, especially the seismic phenomena in the Gulf of Alaska,

differ enough from what the industry has had to face in the past, that
estimates based on past experience would have little real value, 'We
have, therefore, used an analytical approach that.considerrs the design
criteria and factor of safety specified for the structure, and the likelihood

that a particular event would occur.

Major offshore structures are designed to withstand an env'ironmental
stress specified by the future owner or operator of the rig. The level
selected has typically been the foi'ces associated with the 100 year storm,
However, regardless of what design criteria is selected there is always
a finite possibility that these forces will be exceeded by one or more
natural occurrences over the life of fhe field, * When this 'o'ccurs, oil
spills can result.

Based on several important assumptions we have calculated the number
of times oil spills can occur due to natural phenomena, We have

assumed that each severe natural occurence is independent of the others

Example: Over a 30 year field life there is 26%:likelihood that one
or more storms will pass through the area having forces greater
than those associated with the 100 year storm and a 14% chance

of forces greater than the 200 year storm,
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and that the probability of the occurrence is small so that the Poisson

distribution applies. The other |important assumptions are:

1, That the probability that a natural event will occur is
: adequately described by the recurrence relations given
in the previous sections. .

2. . That structural designers can develop designs that will

‘ ‘withstand the forces developed by specific natural events

E , (e.g. the forces associated with earthquakes having
magnitudes less than 7, 2).

3. ‘That when a specific natural event occurs it will occur in
- the vicinity of an oil field and expose the structures to
the full force associated with the event,

\

The du_ra'tion o.f time that a reservoir produces oil is known as the fiel‘d
life. It depends on a numbexl of factors such as reservoir volume,
'depth of water at the site, amortization costs and the time required to
“develop the field. Based-:‘on pe;st industry practice, it is unlikely that
field life on the OCS wpulci be less than 20 years or extend beyond 40.
years, Calculations were the‘refovre made .for three values of field life;

20 years, 30 years and 40 years,

6.6.1 Estimate of the Likelihood of Platform Collapse and Well Blowout

Unprotec‘ted wells can blow out if the pla.tforrﬁ collapses, As noted
préviousiy; platform’c_ollapse 'canv bg caused By storm forces which
excééd the desigﬁstcﬁrm, by r‘noti‘ons asso:ciated with a nearby earéhquake
which exceed the 'design spectrum, or if the earthquake triggers loss

of soil stability causing the foundation to_fa,il.' ‘

The probability of oné or more storms exceeding the de;sig'n storm has
been calculated for design specifications of the 100 year storm with safety
factors of 1.5 and 2,0 and for 200 year storms with the same safety factors.

We have presume that when a storm of greater magnitude pasees
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through an area the full effects will be felt by the platform (worst case)..

The same approach was used in the case for earthquakes. Here it was
presumed that a design spectrum could be developed for earthquakes

of magnitudes 6.6, 7. 2and8.6.  The same safety factors were used.

If a platform collapses, the conductor pipes will shear.‘ However, the
positive open control lines to the subsurface valve will also shear and
the valve should close and prevent the loss of oil, As nbted earlier, the
valves are not 100% reliable, Recent testing showed a reliability of

about 0,96 to 0.97. We have used 0, 96 for our calculations.,

Industry is sponsoring research to identify the failure modes of sub-
surface valves so that the design can be improved and reliability in-
creased, To show what improved reliabili;y would mean in terms of
reducing:the estimate of fajlure, we have aiso selected a valve reliability

of 0. 99 for our célculations. »

There are a number of seismic records available that will allow the
development of a design spectrum for magnitudes of 6.6 and 7, 2
provided the large scale ground structure at the proposed sites is
not significantly different from the areas where the recordings were
made, This may be a significant problem especially in the Atlantic
OCS regions and more study will be required to determine if mod-
ifications to the design spectrum will have to be made,

There are no seismic records of earthquakes having magnitudes as
high as 8.3 to 8, 6 although several authorities believe that one can
extrapolate the data from lesser magnitude shocks, This too will
require more study, '

58



Table#fl]l summarizes the estimates,

As a specific example consider a platform locatéd in one of the Atlantic
OCS arcas. -Assume that the platform was designed to withstand the
100 year storm and has a margin of safety of 2,0. The field life will
be 30 yea‘:rs,. " Then there is a 0,14 possibility (or .1 chancé in 7) that
storm forces will exceed the platform design specifications dui‘ing the
life of the field. If subsurfacing valving is installed, .tﬁe chance for a
blowout. is :.006 (1 chance in 167) for a reliabilif;y of 0.96 and 0. 00>14

(1 chance in 700) for. a i‘eli’algbillityvof 0.99.
Examination of Table l.l..il_luvstlja.tes several important points‘. First,
 the likelihood of platform collapse increases lineérly as the age of tﬁe
field increasevs aqa deci:eéses linearly as the desigﬁ_storm criteria is
increa;\ed. For example, a platform _designed“ for the 100 year storm and
pléced in a 20 year field will have the same likelihood of failure (9.09)
as a platforrﬁ desigﬂed for the 200 year storm placed in a 40 year field.
This suggests then that platforms planned for long life fields have more
stringent d'esig‘r;x cr\ite.ria specified than those plarme.d, fo;‘ fields havihg

o

shorter lives,

-

Ideally, one would require the most st-i‘,ingent design criter.i“a'reg.ard-
less of field life. However, the cost of more stringent criteria
may not be able to be amortized over the shorter producing life,
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Secondly; platforms used in the Atlantic OCS must be able to ‘withstand
the méximum earthquake that has been recorded on the Atlantic seaboard
if the likelihood of collapse is to be no greater than that for severe

storms during the field life. ﬂf

The third important point is that even when a platforrri'to' be used in the
Gulf of Alaska is designed to withstand the maximum earthquake that
“has occurred (8. 6 Richter) there is a three to seven times higher likeli-

hood of ¢ollapse over field life than that for a severe storm.

Table ‘ll!allso lists tﬁe likelihood of damage cau.séd by having 'a.tsur;ami:
joccur during the passage of a severe storm. At the outset of y
the‘ study, theré- was céncerr; that in the G}ilf of Alaska, an area of’
frequent:tsunamis"a;’xd. storms, a wave height could result that v&;ould
exceed the design wé,vé height, This Iwa;s— investigated ar;d it was found

| that‘the joint probability will be considerably less than the design storm
probability. Ag can bé seen the estimates are about. 1/100 Qvif the valu"e's'

calculated for the 100 year s‘to‘rm.

This is not strxctly so since it presumes both that there will be a

- dense uniform distribution of platforms over the entire OCS and
that the likelihood of an earthquake is the same in all OCS areas.
In fact, platforms will probably be concentrated in 6 to 10 specific
‘areas, whereas most Atlantic earthquakes tend to be concentrated
in the New England area, Both factors will reduce the likelihood
of earthquake damage, + The" extent of this reduction w1ll require

. further study,
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6.6.2 Estimates of the Likelihood of Oi] Spillage From Storage Systems
As stated above; storage facilities fall into three general categories:
ashore-storage, floating storage and underwater storage, Likelihood

i b4

of failure has been calculated for floating storage and underwater storage

usivng the same approach as before, The results are shown in Table 12,

Consider. floating s_tdrage. Storms are the only phenomena that will
affect floating Storagé placed in deep water, The sa@e linear reiation
exists between field_life- and more stringent design criteria., That is,

if field l‘ife i-scibubled’thenthe recurrence.interval for thé design storm -
shoulé be dou‘ble'd to maintain the same probability.

It is.impoArtant It'o note that these .estifrlates are the likelihood that a
floating storalige-tarik will break its ;no'c_)r and go adrift. If capsizing or
grounding can be avoided and if service craft can regain control of the

drifting tanks, the threat of oil spillage will be averted, One way to

3

Government regulations now require that ashore storage tanks be
enclosed by sufficiently high dikes such that if the tank fails, the oil
that-is released will not escape from the area, We maintain, there-
fore, that the chance of oil spill due to natural phenomena is zero
provided that the integrity of the dikes is not damaged. The integrity
is, of course, very dependent on the quality of the soil foundation. It
is extremely important that a thorough geologic investigation of the
proposed site be made before design begins to confirm that the soil
properties are satisfactory, '
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avoid the threat of capsizing is to use é_ spara< type floating storage,
Grounding can be avoided by locating the moor position some distance

away from shallow water..

The storm threat to undei‘water‘stqi'agé is equal to that for floating -
storage since the same design parameters are used. However, the
probability of“fa.tilul_f_’e _}is increasea b'ecapse of the.s.usceptibility of_' the
storage to eafr_thquval.(ves and tsunamis, .T_hesg f.acto.rs reﬁse the pr(';\bability
of failure significantly over that fo; floating storage. i‘anks designed
to withstand earthquakes of 6,6 Richter and located on the Atlantig:
shelf are 2 1/2 times more likely to suffer earthquake damage than
storm da‘r‘nage’c»lq‘ring their lifetime, Tanks de‘signed to withstand
earthquakes of 7.2 Richter and located on the Atlantic shelf have an
equal likelihood of earthquake damage or storm.damage during their
field life.  If the same tanks are placed in the Gulf of Alaska,

the likelihood of earthquake damage is 30 times greater,

The same comments apply with respect to underwater storage and
tsunamis. Presuming that a tank can be designed to withstand a 6 foot
tsunami, it is 1 1/2 times more likely that a tank located on the Atlantic
Coast will be dafnaged by a4 tsunami than by a storm and 40 times more

likely in the Gulf of Alaska.

ale
-

Spar storage systems are long vertical cylinders similar to the

Flip platform used for ocean research, They are very stable and
experience very little motion even in heavy seas. However, since
they will usually extend up to several hundred feet below the surface,
it is necessary that they be moored in deep water,
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Combining probabilities for all natural phenofn:ena.‘affecting'floating
andrtlmvderwater storage, one finds that underwater 'stora..géb located in the
Atlantié ils~a.t- least 5 times more likely then floating storage to‘be;_damég‘ed |
by natural phenomena. In the )Gulf of Alaska, ’uridevr_Water storage.is 74

times more hazardous than floating storage.

To summarize, ashore storage re'pre'éents"the safest form of storage
from the aspect of natural phenomena., When ashore storége is not
fea.sible,‘ floating storage is safer than underwater s'tora.‘ge in both the

Atlantic and Gulf of Alaska regions.

6.6.3 Estimates of the Likelihood of Natural Phenomena Damage to

Transportation Systems

Pipelines that are properly designed, constructed a.hd emplaced are:
relatively insensitive to ai[ natural phenbmena. with the exce‘ption of
ground faulting and slumping along the pipeline route, 1 ‘.T.he.possibi.litny »
of loss of soil stability cannot be as‘sesséd until "a.thor‘ough' geologic -
analysis of the selected route is made and é valve vlo‘cajt';on' ’prdgra/m‘ is
selected,” These are steps which are taken during the late Stages of |
- the exploration program and follow the c.ieci's'ivonl i:h'at the 'reservlo.ir is
large enouéh to make development worthwhile. For this reasqr‘l:‘thg
likelihood of pipeline Spills due to natufal phenomena (‘specificélly

earthquakes) cannot be predicted.
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Table 13 provides estifnates on the effe.ct of‘natural Phenomena on tanker
moors. As suming Valdez is selecrted as a terminus*, it is estimated that
a_deétruc£ive tsunémi has a high probability of occurrence over the life of
the fviel-d. On the other hand, if ‘a déep water floating moor is used, the
oﬁlyAthre‘at will likely be the sevére storm. In this case the probability
of the moor parting is estimated to be the same as that fof the floating
moor. One important difference should be noted.. Since the tanker
possesses its own propulsion plant it can manuéver and avoid danger

in the event that the moor is lost.

6.7 Sﬁmm'ary'and Conclusions

Table 14 sufnmarizes the effects of each of the natural elements, the
volumé of oil at risk, and the caveats regarding certéin of the evaluations.
As can‘be’ seeﬁ, ‘severe storms are not regé.r,ded ‘as a seriqu-s oil spill
threat to any of fhe elementé of tﬁe system. In the case of afloat and under-
water storage the threat has been_assessed as moderate' because of-

the volume of oil that is at risk.

The only justification for this assumption is that facilities from the
Trans Alaska Pipeline will be in place. In fact, the use of Valdez
'will probably be restricted to production areas close to Valdez Bay.
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Earthquakes vibrations seriously threaten underwater storage. Whether
acceptable designs can be developed that will be able to withstand severe
Alaskan earthquakes, will require further study. In fact, it may be very
difficult td develop designs that will: withstand the relé.tively infrequent
Atlantic\earth;;uakes. éihce such a large volume of oil is at risk in these
storage systems and since containment of spilled oil will be difficult, if
not impossible, earthquake vibrations have been classifiéd "serious"

threats with respect to underwater storage.

Soil stability is also a serious factor in underwater storage, Site selection .
can reduce the risk considerably but the threat will remain serious be-

cause of the large volume of oil at risk.

The stability of soil beds (whicﬁ also includes faulting) will also threaten '
pipeline..s. | Some relief may be possiblé by careful route planning and an

adequate valve program,

Tsﬁn’am:’is' are a serious hazard to both underwater storage and tankers
moored at fixed berths, In both cases the volume of oil at risk is large.
Furthc—;rmore; in the case of the tanker, the oil would be released at the

shoreline’i‘, an area considered to be the most ecologically sensitive,

Sévera_l; tfg-fpv_iéalbdlil production sybstems have been assembled and an estimate
»ha;s. k.)_e‘en made of their value from the aspect of minimizing oil spillage

in each area under _con‘sideratio_n.' Table 15 lists four typical systems.

Use' of pipeline and ashore storage is evaluated best for both the Atlantic
OCS and the Gulf of Alaska, In the Alaskan area tanker transport will be

required, A floating moor rather than fixed berths represents a lesser
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risk of massive oil spillage,

‘In the event that soil conditions are such that pipelines will be exposed
to unacceptable risks, floating storage may be an acceptable alternate

~ for use in both OCS éreas.

71



BIBLIOGRAPHY

Tsunamis, Li-San Hwang and David Divoky, Underwater Journé],

October 1971
Tsunamis, W. G. Van Dorn, Advances in Hydroscience, Vol 2 -

1965, pg 4, Academic Press.

North Sea Oil and Gas - White, Kash et al University of Oklahoma Press:

Norman Oklahoma.

The Great Alaska Earthquake of 1964 - Seismology and Geodosy, National

Academy of Sciences, 1972.
Earthquake Engineering, Robert Wiegel, Prentice Hall, 1970,

Oceanographical Engineering, Robert Wiegel, Prentice Hall, 1964.

Preliminary Catalogue of Tsunamis Occuring in the Pacific Ocean,
IIDA, Cox and Pararas-Carayannis. Hawaii Institute of Geophysics.

August 1967.
The Great Alaska Earthquake of

Review of Tsunamis - Doak C. Cox,
1964, Oceanography and Coastal Engineering, pg 355,

National Academy of Sciences, 1972,

Effects of Tsunamis: An Engineering Study - Basil W, Wilson,
The Great Alaska Earthquake of 1964, Oceanography

Alf Torum,
National Academy of Sciences,

and Coastal Engineering, = pg 361,
1972.

West Coast Deepwater Port Facilities Study, TU.S. Army Corps of .
Engineers, June 1973,

Final Environmental Impact Statement, Proposed Trans Alaska Pipeline,

United States Department of the Interior, 1972,

72



Outer Continental Shelf Resources Development Study, National Academy

of Engineering, Marine Board, December 1972,

Draft Environmental Statement - Propos\ed Plan of Development,
: ’Santa Ynez Unit, Santa Barbara Channel, Off California,
USGS, DES 73-45, Dept of the Interior,

Eﬁergy Under the Oceans - Don E., Kash, etal, University of Oklahoma
Press, -Norman Oklahoma, 1973, '

Behaviour of Liquid Storage Tanks - Robert D, Hanson, The Great
Alaska Earthquake of 1964, Engineering pg 331, National
Academy of Sciences, Washington, D, C,, 1973,

Climatological and Oceanographic Atlas for Mariners, Department

of Commerce, Washington, D.C., 1961.

Tide Tables, West Coast North and South America, U. S. Department'

‘of Commerce, Current Edition

Tidal Current Tables, Atlantic Coast, North America, U. 'S. Department

of Commerce, 1968

Tidal Current Tables, Pacific Coast, North America and Asia.,

U. S. Depértment of Commerce, 1968.

Annual Meeting Papers, Division of Production, American Petroleum
Institute, 1973. ‘

Proceedings, Fourth Annual Offshore Technology Conference, 1972.

Proceedings, Fifth Annual Offshore Téchnology Conference, 1973.

AN
73 "\

/
e
f



A«:‘P-PENbIX A

© OIL EXPLORATION,
PRODUCTION,
' STORAGE,
- v AND
\ _T_RA_NSPQRT_A'TION _



A-1 OFFSHORE OIL EXPLORATION

A-1.1 General Discussion

The purpose of oil exploraﬁion is to identify the amount of 0il reserve at
a certain potential site. bue to the high cost of offshore drilling, prior
to the drilling operafion some seismic and geophysicai analyses are’
usually conducted to obtain sufficient _gvidenée for the justification of the
investment, to identify the area of relatively high potential, and fo deter-

 mine the most economiecal drilling‘ equipment and method to be used.

The final stage of oil eiploration involves: (1) to bore a hole to the petro-
leum reservoir, and (2) to test and estimate th.e yield of the explored
field. If the drilled well prbves to be productive, proper ca'sing will be

installed from the reservoir to the platform for production.

The most important equipment in the offshore oil exploration is the

drilling platform. Adequate planning of offshore drilling operations

should be dérie prior to selecting the platform. The platform should be
designed to withstand adverse meteorological and oceanographic conditions.
- Risks of failure always exist because no platform can be economically
d-esigned to resist the probable maximum forces imposed on the structure
by nature or by human errors such as in the case of ship collision, The
failure of a platform can cause spills of fuel and drilling mud on the
platform. The failure can also damage other drill'mg component:s such

as marine risérs, valving system and safety devices, and consequently

cause well blowouts,

Major oil spills in offshore exploration have resulted from well blowouts.



To prevent such spills, blowout preveaters (BOP) are’installed as soon as
they can be firmly secured to the condutor pipe above the mudline, BOP
is an importan't'safety device in the offshore drilling operation, Proper

i

operation and care of this device can not be overemphasized.

A-1.2 Desgcription of Offshore Drilling Assembly

Drilling Platforms

There are sévéral types of drilliﬁg i)latforms inuse., In the early off- -
shore oil development, oil fields were locite_d.nea.r shore at a water
depth less than 300 feet: ‘.Ja‘ckup drﬂlirié piatforrhsi were commonly
used. In case of alréa;dy identified oil fields, fixed drilling platforms
were built for.the purpose of exploratié‘n as well as subsequent produc-
tion., As the offsho‘rel 6.'1[ development moved furthér out from the shore
into deeper waters, sémi—submersible' or floating drilling platforms
were designed to'maintain efficient ope.ra'ti-on'in' more hostile environ-
ments a‘-nd'dé\epér water depths. The characteristics of these platforms
are descirbed as follows:

Jackup Platform:

A jackup or self-elevating drilling p_latfo_rr‘n (Fig., A-1) has
hulls with sufficient buoyz;n‘cy to safely transport the platform
"with the dri‘lling fi'g, ‘drilling équipment and supplies to the
‘designated location, After it is in place, the entire unit is
raised to a predetermined elevation abqve the sea surface.

Fixed Platform

i

A fixed drilling platformh('Fig. A-2)is a space frame structure

: \ /
generally supported on piles complete with jacket, conductor

A-3



Figure A-1. A Jack-up. or Self-elevating Drilling Platform. (Courtesy Zapata
' : Offshore Company)



(Courtesy Inte rconsul‘c)v

A Fixed Drilling Platform.

Figure A-2,



guides, boat landing, fender system, cellar deck, arilli\ng
deck, control panels and navigation aids to support the drill-
ing derrick and equipment for drilling c.)‘pe ration. The weight
of drilling derrick and equipment is usually over 500 tons with
possible hook load of up to one million pounds during drilling.

Semi-Submersible Platform

A semi-submersible drilling platform is self-contained and is
supported by either lower displacement type hulls or by large
caiss‘ons .(Fig. A-3). Similar to the floating type drilling rig,
the entire mechanical and automation design is aimed at the
requirments‘ofv.deép‘sea drvill'mg operations. A semi-submer-
sible drilling unit should be able to pe‘rfojrm the -dril.ling opera-
tion either in a floaﬁng clonditif)n or at rest on the bottom.

Floating Platform

A floating drilling plat.foi'_m is Ae:.ither’ al ship'type or a barge type
seagoing drilling unit (Figure A-‘4). - The unit usuallly has a‘
safe hull, strong'moorin.g systém and high performance pro-
pulsion units (no propulsicn ma;hinery for barge type drilling

unit) and reliable stability.

Piping System

e

The piping system is usually installed prior to extensive drilliné opéré-

tion. The system (Fig. A-5) consists of a conductor pipe, a blowout

preventer and a marine riser. The conductor pipe, normally 30" in

diameter, is driven into the ocean floor to hold back the soft muds

below the sea bottom.
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Figure A-3, Aker H-3 Semi-Submersible Drilling Platform (Courtesy Aker Group)



FigurevA-'ZL. ' Floating Barge-type Drilling Platform.
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A blowout preventer is a mechanical device designed to prevent acciden-
tal well blowout, Usually the blowout preventer stack contains two or
three blov&;out preventers, On the very top of tbe blowout preventer is

a spool onto which the marine riser is connected., A hydraulic connector

on the lower end is for attachment to the conductor pipe.

The assembly of a marine riser consi.s.ts of pipe, ball joint,. coﬁnector,
telescoping joint and bell nipple to furnish acceés,to the well and to
return drilling fluid to the mud tank. The marine riser rﬁu.st be strong
enoﬁgh to withstand the fluid pressure in addition to wave and current

Y

forces.

A-1,4 Preparation of Well for Production

After the oil reservoir is reached, the electric logs, ‘cores and other
information will be studied to determine the potential yield of the well,
Casings of various sizes and wall thicknesses and lengths must be care-
fu'lly calculated and scheduled in accordance with the formations and
pressures. A typical casing string is to use 20.0" diameter pipe to"

a depth of about 1, 000 ft.; 13.375" diameter pipe to about 5,000 ft.;
9,625" diameter pipe to 10, 000 ft., alnd finally 7.0'" diameter pipe to

the desired depth,

Upon the completion of the casing installation and cemenf groutifig, the
well can be either temporarily closed off by a sub-sea wéllhead assembly
with blowout preventers and removable riser system, or put into produc-
tion by the installation of a Chri.stma‘s tr‘ee. The main function of the
Christmas tree is to connect, cont.rol and m-anifold the oil stream from

the well,



A-2. .. OFFSHORE OIL PRODUCTION

A-2.1 . Production Platform

. Following the drilling and completion of one or more wells, the"
exploratory drilling rig is removed énd replaced by a production
plaf;fg?m. The [‘)la:tform is a frame structure mounted on the.

sea floor and attached by a system of pilings, The ‘platf,ov‘rm
gpnta_.ins va.rious separ;.tip_n faqilities th:at are.used to process the
flow frqm the reservo_ir; If aléé has a drilling platform and all
equipment necessary to drill new wells or to work-over old ones.
Modern platforms are able to serve 20 to 30 wells and it can be

expected that later platforms will be-able to handle more.

The oil from the reservoir enters the well tubing through a section of
perforated tubing,‘and,is transported to the surface Where it is either
ga,fhered with the output ‘fllom séveral othef wells or is c?.rried directly
to:the platform for separation. A typical production well installation is
illustrated in Figure A-6. Safety valves are installed below the mud
line, on the sea floor, and}on_the"platform._ These valves either

operate automatically or can be remotely controlled.

On reaching the platform the oil undergoes several processes before
it 'is_rft-x;ahs,ferred for storage or shipment. The processing includes
separation of the gas and water from the oil stream; removal of the
hydrogen sulfide, carbon dioxide and éulfur dioxide;‘dehydration of

the hydrocarbons and desalting of the retained brine.



PNEUMATICALLY CONTROLLED
g SURFACE SAFTY VALVE
50I j . . 1
) CHRISTMAS TREE VALVE
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Figure A-6. Typical Production Well Installation.
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Specific natural phenomena design standards are not prescribed for
production pla;t‘forfns. The American Pevtroleum Institute has estab-
lished recommended design practices and specifications that include
considerat:i_on éf various natural phenomena and it appears that

‘designers are 'strongly influenced by these recommendations.

Usual design pr;ac,tice is to spécify a capability to withsrtand without
damage‘a specified design level, To ensure against i)latform collépse
.a Gertain sa.f‘e_at; factor is'added, ‘Where severe storms afe the criti-
cal factor, 'A'pr;a':'.c.tic‘e has been to 5pecif$r the 100 year storm with a
margin of s‘a'fetylr.c:)f__l. 5_. When other'phenémena have governed the

design, such as current forces, the same recurrence interval is used,

!

There has been only one production platform specifically designed to
withstand earthquakes. This is the 940' platform proposed by EXXON
Corporation for use ih the Santa Barbara Channel, a moderately active

seismic ares. Three criteria were specified as follows:

Criterion 1

Structural damage must be éybidéd in the event of ground
shaking for which there is a significant probability of

occurrence during the'life of the structure.

Criterion 2’( .

Safety againét 'c'o']_.llapse must be provided in the event of
the strongest potential ground shaking (or ground shaking
having an extremely small probability of bccurrence);

plastic straining and moderate yielding are permitted.
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Criterion 3

The structure must have sufficient ductility to undergo
plastic straining without loss of structural integrity.
(This condition insures ductile behavior well into the
yielding range), ' |

The Margin of Safety varies, often depending on the location where

the platform is expected to be placed. Margins of 1.25 to 2,0 have

been used, usual practice being to specify 1,5,

USGS OCS regulations now require that subsurface safety.va-lves be
installed in each flowing well. The purpose of these valves is to shut
off the flow in the event that c‘ontrol of the well is lost (a blowout
occurs). The valves are of twé types. In the older typé (.Figuré A-7)‘
the velocity flow type, the valve closes when the velocity of the flow
exceeds a predetermined value. These valves are serioﬁsfy affr:ected
by paraffin buildup and sand erosion and have displayed a low relia-

bility in past applications,

The second %ype of subsurface valve is thé remote actuatea valve
(Figure A-8)." These valves.are generalliy'ipositive open v.alve's and
will close if the hydraulic pfessure‘is lost. While more expensive
than the simple-r velocity flow valves the reliability appearé to be

much better. The use of this valve is expanding.

In addition to the subsurface valves it is becoming common pra‘.étice
to place positive open remote actuated valves on the Christmaé tree
at the sea floor surface, adding additional protection against well

blowout.
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The reliability of subsurface valving has received considerable atten-
tion within the oil industry over the last several years, The API has
recently established reC(;mmended désign‘, installation and testing
criteria to further assure reliable operation and lessen the well

blowout problem,



A-3 -~ STORAGE -

Stora.ge“T_a.’n_ks ére di.vided ’ivntov 'thr-ee cavteg.orier‘s; aé-ho‘re storage tanks,
floating sqtorage tanks, a;nd underwater s-tqragel t?anks_L

The cylindrical ashore ‘étoragei__tanks_.rép;jesént :the_mqst n_uﬁqepo_us, by
far, of storage tanks today. '-Theﬂ)‘_r, are fpgnci throughout :th-e. world in

all areas wﬁere .1iquid-.s have to be s,toredib_léf‘o_.re shvi'iPrhent or use, They
are ex»tremel;y'_s'i-n‘lp-l-_e'i'n'de'si_gri, .cori.sistiinig ¢SSentiéLly of a cyliqdricé.l |
‘steel wall that resists the. 6utward- fluid pres sure; a thin flat bottom
plate that rests on the grou';i_d and prevents the fluid from leakiﬁg out
and a thin roof piate' that IJ:II'Otec:ts the cdt:ltvents from .the atmosphere,

They last for years.

Natural phenomena do. not appear to play a critical role in the design of
ashore storage tanks, Calculation of w'1>nd loading effects and siting of
the tank abové predicted flood water 1eve,1s‘ have been the m’ost important,
I—Iowe’vler, as a resultbof earvthquaké damage -to-filled oil storage tanks,

the need to include protection in active 'séi'smio; ;réas is being recognized.
This pr.qtection‘ consi';sts of locating tanks c‘m Strucfuré;liy sound soil beds
(e« g. on bedrock), providing- strong groundA_attaéhménts fqr.the bed

plate and reduciﬁg the free surface effect éf the contained liquid through

1

the use of baffles,

Further protection against oil escape is p"rqvicded by regulatio-ﬁns that
require that cohtainfnent dikes$ be érect’ed m oil stc')lx".ag'e‘ tank.areas.
Gurrent regulations limit the namber of tanks within a dike perimeter
to two, The‘dike heigﬁt‘ mu.stnbve sﬁfficient to ‘cyz"ontain the tota'l .v-o'iume of

oil stored in the tanks,
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Floating storage tanks have ‘al_so been in use for a relatively long period
of time. The eafliest typés were simply barges or other hull types

which were moored in the vicinity of the producing wells and then towed
to refineries or trans-shipment points, Several barges in use today can

store up to as much as 1,000, 000 bbls of production.

As would be expected, the use of barge or hull type carriers is limited
to areas where severe storms are infrequent. Use in other areas
exposes them to the possibility of capsizing, broaching, or being driven

aground by the action of the wind and waves.

To make use of the advantages inherent in floating .stofage in severe
storm areas, developmen_t has been underway on systems that are less
affected by the wind and wave action of the storms. One of these types
is the SPAR developed by Shel'l Oil. This concept cvan withstand much
more severe environménts than conventional floating storage vessels -
but retains the advantage of beiné able to be uséd in deep water
er‘lvironments‘ and can be moved from location to location as the

need arises. A 300,000 bbl tank is scheduled for installation in the
Norl;h Sea's Brent F;ield. No details on the severe storm design

criteria that was used are a‘vailable.

i’he final‘type used in oil production\fs the underwater storage tank,
Typical of th;ase are the Chicago Bridge and Iron Co. 500,000 bbl
inverted hemispherical tanks being used in the Persian Gulf (Figure
A-9). The tank has no bo{;,tom and operates on the water displacement
’principle. It is always full, either with water, witﬁ o0il, or a combi-
nation of both, When filled with water it has‘ slight negative buoyancy. |

- When filled with oil it has slight positive buoyancy, L
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The tank is 270 feet in diameter, over 205' high and weighs 15,000 tons,
The design maximum wave height was 39,0 feet and the period was 10,5
seconds, This is equivalent to the 100 year storm wave in the Persian

Guif. A safety factor of 2,0 was included,

For the more ‘sev_evre storm environments found in the North Sea,
Phillips developed the Ekofisk storage tank (Figure A-l0). This
1,000,000 bbl tank contains 9’compaftmen‘ted tanks placed in a nearly
square 175! 2 175' enclosure 295' high. The tanks are enclosed by a
302" x 302' x 269! perforatéd outer wall whose purpose is to protect

the inner tanks against the adverse wave conditions in the North Sea.
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* ONE MILLION BARREL
EKOFISK OIL STORAGE TANK

Figure A-10. _Phillips Petroleum Underwater Storage Being Installed in the
North Sea. '



A-4 - - TRANSPORTATION

A-4.1 f»igeunes

As a means of i_:ranspo‘rtaitibon, pipelines have been used for carrying
liquids for centuries, for carrying gases for decades, and for carrying

solids for years, :

0il Pipelines

The main use of pipelines, has been by the oil industry. There are
vast networks of pipelines presently in use for collecting crude oii
from the oil fields of Texas and Oklahoma, and from wells offshore
Léouisiana and Texas, These -pipelines-carry the crude oil to the re-
fineries of the South, Southwest and Middle West, A similar pattern
of pipelinés collects oil from West Coast wells and delivers it to

regional refineries. .

The basic design objectives of pipeline syétems are: (1) integrity of
the structure, (2) minimum disturba.r‘lc]é to-"‘fhe environment, and

(3) economical construction and maintenance. The second two cén—
siderations are sometimes in conflict. In con.ventional engineering,A
maintenance is considered together with ii’;li-tial outlay to arrive at the
least over-all costs; but the increasing requiremenfs for environmental

pi‘otection modifies this concept considerably. Design is based on

supplemental industry codes and governmental regulations.

Once the route had been determined and the quantity of oil to be pumped
(the throughput) selected, the next step is to select a pipe size and compute

' the oil pressures required to move the oil over ridges and to overcome
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wall-friction, Then a pipe material is selected to suit the ambient
temperatures to be expected. The various forces that act on the pipe,
and the properties of the pipe steel determine the pipe size and wall

thickness.

The field joints between the pipe sections are vital, These are best
made by electric arc welding which makes the pipe solid from end to
end, Rigid specifications exist and thorough inspections are required

to ensure a high quality seam in compliance with regulations,

External Vcorros“ion is known to cause leaks in buried‘ pipelines, Con-
siderable effort- is éxpended to provide coafings which will eliminate’
corrosion. On the Alaska pipeline a pipé coating.of an epoxyecompbund
sprayed as a powder onto the heated metal is bei‘ng used. On contact,
the pov“/der melts émd the drops coalesce into a thin, tough, continuous
coating to keep water from the metal. Rigorous tests afe made to be
sure that there are no holes in the coat, Foliowing installation,

field tests are made to determine if any small holes exist in the coating
that Wou‘ld lead to rusting of the steel. Such double protection is the

best system yet known for protection against corrosion.-

Internal pipeline corrosion is recoénized as being a sigvnif‘ic'ant cause
of pipéliné structural weaicening'and requires 'co.ntinqed' specia.l atten-
tion. Pipeline systems are periodically sampled and monitored for
internal corrosion activity. Interﬁal cc;rrosion is most actis}e in low
throughput systems or those that operate i;ltermi'ttentfly permitfing
corrosive water to accumulate- in the low points of the piping system.

In these instances, use of corrosion inhibitors has proven effective
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to prevent corrosive damage to'the pipe. If internal corrosion damage
is suspected to have occurred, in-line pipe inspecting instruments are

available to assist in appraising the extent of pipe damage,

Valves along the line a_.re‘an essential part of the sgrstern. Three main
kinds are usually used: the block-valve, usually r;emotely controlled,
which is a vertical sliding gate, capable o'f‘éfopping flow of oil in either
direction; the check valvé; a simple flap d‘.avice' which automatically
stops reverse flow ciown}hiil on an uphill stretch of the line; and the
pressure—relief.VaIVe to protect ‘against excessive surge, or other.,
pi‘eséu'res; this also‘oApe'rat_es automatically, Valves are essential in
pipeline testing, ./isolatio'n o.f a pump station fromA the line, isolating

sections for maintenance, and, for controlling flow in case of a leak.

| A-4,2 Tankers

Tankers constitute the final element of the transportation systerﬁ.
Wi‘thin tb.is category are included the great supertankers used in
international trans shipment of oil as well as the small tank barges
used to 't.ransport oil from offshore production and storage facilities
to nearby refineries,

No ludiqﬁe set of tanker ;:-haracteristics exists and no worldwide stan-
dards .go‘vei‘n the deéign. The.y co’me .in all sizes’, carrying capacity,
and speed. éapabilitieé. A sample of tankers in operatioﬁ today are
given in Table A-l. |

No specific tanker design standards exist although the recommended

design practices and specifications of the American Bureau of Shipping
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- TABLE A-1 TANKER CHARACTERISTICS

. Length, Beam, Draft,
- Ship Size Overall = Overall Loaded Speed
o (dwt)eto {Feet) . {Feet) .. (Feet) . . (Knots)

60, 000 ;”:f”_77éL" s 46;5‘i._ 165
80, 000 820 122 43.0 . 1603
100,007 g9l o128 G 16
120,000 . 924 o128 T 5200 . 16,0
150,000 945 150 57,0 16,0
210;QQO.‘ 7.i,066 155 620 16,0
250,000 f1;141_ii-';f17d:,f}:-6é;o 1600

325,000 . 1,135 . . 175 0 BI.5Y o 15,7
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) - .
provide valuable guidance during the design period. Coast Guard rules

and regﬁlations are also carefully followed.

Current design practice is to specify a design wave having a wave
length equal to the ship's length and then calculating the hull sag and
hull hog when the ship is posed crest.to crest and trough to-trough
respectively. The wave height that is used is selected by the designer
and is some function of the wave length. One that is often used is a
wave height that is 1/20 of the wave length, For'the 1000’ class of
| supertankers this is roughl'y equivalent to the 100 year wave in the

Gulf of Alaska,

Tankers age rapidly in the environment to which they are exposed.
Twénty years éppears to be a representative concensus of efficient
tanker operating life, Beyond twenty years @aintenance and repair
requirements make tanker opefations become highly inefficient.
Furthermore, studies show that tanker physical life rarely exceeds

30 years,

As the tanker ages the probability of hull fajlure increases, This fac-
_tor must be taken into account in asses sing the capability of the tanker

to withstand severe storms.

The tankers can be loaded in several ways. In the first the tanker is
moored to a wharf or a pier. Oil is pumped to the tanker t‘fom storage
tanks, through a set of loading hoses into thevtanks of the ship, Auto-
matic cut-off valves are provided in the event there is an accidental

disconnect of the hoses from the tanker.
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In the second case, the tanker moors to a single buoy which contains
a.n oil riser and manifold, Several buoyant hoses are run from the
.manifold tb the tanker, Oil is pumped from either ashore storage,
underwater storage, or floatiﬁg storage. This'.systerri,also. has

- valving that shuts it off aut.omatic<a‘11y should the hose become dis-

connected from- the tanker or the buoy,
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" PART I. CONFERENCE BACKGROUND AND SUMMARY

BACKGROUND OF THE CONFERENCE

Even before the unprecedenfed action of the Orgagization of Petroluem
Exporting Countries (OPEC) in late 1973 in using oil exports to the éil-
deficient industrialized nations as a i)olitical weapon, it h-a.d become
obvious that the imbalance between domestic oil and gas production and
coﬁsunrption in the United States would continue to grow larger. Reducing
energy consumption through consérv&tion practices can reduce U.S. depend-
ence on imported oil supplies but will pi'obe.bly not _elimina.te them in the
next few years. \ |

.A‘ second, and perha.ps more important, action of the OPEC nations started
in 1970 and rose to a crescendo in the fall of 1973. This‘was the sharply
increased prices of OPEC oil exports which Jumped to a level five {and even
”higher) times the historic price levels that had prevailed ciuring the' decade
of the 1960s. These large price increases have provided an even greater
incentive to develop domestic resources for both secgrity and bala.pce-of—
payments reasons. Also, by setting world prices at such high levels addi-
tional petroleum and natural gas resources that would not have been considered
economic to develop can now justify exploration and develop:hent investments';

Large quantities of oil and gas resources still remain to be discovered
onshore and on the Outer Continental Shelf (0CS) of the United States. The
amount thé.t remains to be found is subject to wide differences of opinion,
varying by & factor of 5 between the highest and lowest estimates. Even
the _lcﬁest estimates of remaining resources projects that more oil will be
found than has been discovered to date, so that accelerated domestic oil
and gas exploration should result in nincreased domestic oil‘ and gas
production and a reduction in the amount of oil that would otherwise be

imported.
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The favorable onshore petroleum provinces of the United States have
been well explored and, until new exploratory techniques are developed,
new discoveries can be expected to be more difficult to make and to be
at ever greater depths. On the other hand, exploration has taken place
on only a small fraction of the OCS lands,and some major pdtential new
provinces~~the Atlantic and Gulf of Alaska OCS lands--have not been drilled
at all.

Although the OCS represents the most favorable areas for finding the
much needed domestic oil reserves, its development has many environmental
hazards associated with 1t Offshore drilling ha.é been practiced on a small
s-ca,le for many years but the increasing ‘depth of water in which wells are
being drilled, their much larger numbers, and the need to transport the oil
onghore where it can be used create a much greater probability of oil spills,
with their attendant potential for envirommental damage.

The experiencé of the U.S. petroleum industry operating offshore Cali-
fornia md in the Gulf of Mexico has, overall, 'been very good. However, the
incident at Santa Barbara and several spectacular fires on offshore plat-
forms have focused public attention on whether the state of OCS technology
is sufficiently advanced so that ¢mloration and production on the OCS should
be allowed to cqntinue, or whethei' new fechnologies must fﬁst be developed--
particularly for new‘ provinces with their different sea, seismic, and
meteorological conditions, This widesprééd attention and concern sbout the
OCS enviromment is simply another indication of the growing public awareness
and of its desire to see that environmental values are preserved.

At the first sign that favorable geologic conditions existed for petro-

leun provinces offshore the Atlantic Coast, many inhabitants of these
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coastal statesfénd their poiitical representatives immédiately became cone
cerned about whether these new provinces could be developed with acceptable
environmental risks. This‘raised éuestions of -the adequacy of existing OCS
technology if it is to be used under the different sea, meteorological,
seismological and ecological conditions that exist in the Atlantic and
Gulf of Alaska areas as compared to the Gulf of Mexico and offshore Cali-
fornia areas for which the teChnology had been developed.
_ In an effort to answer these and other maaor issues about the costs
and benefits of offering offshore leases in the Atlantic and Gulf of Alaska, l/
President Nixon, in his April 1973 Energy Message to Congress, asked "the
.Chal.irman of the Council on Environmental Quality (CEQ) to work with the
Environmental Protection Agency, in consultation with the ﬁational Aﬁademy
of Sciences and appropriate federal agencies, to'sfudy the envirqnmental
impact of oil and gas'production on the Outer Continental Shelf and the
Gulf of Alaska." As a pa.rt of its program.tocarry out this Presidential
mandate, the CEQ requesteﬁ Resources~fof the Future to hold a conference on
0CS technology which would (1) evaluate the current status of technology and
its applicability for use in the new provinces being considered for leasiﬁg,
(2) estimate the degree .of riék,of environmental damage frqm the appliqation
of current technology to the areas, and (3) identify improvements, if any,
still required in OCS technology to operate with acceptable environmental
risks, and the R&D required‘to_achieve them, RFF was not requested, nor did
it attempt, to eveluate whether improved technology, effluent taxes, or other
methods;-or combinations of them--would be the preferred route for reducing

envirommental risks.,

1/ Resource availabillty, regional supply and demand alternatives, pri-
mary environmental effects, potential effects of onshore development and OCS
management issues.



METHODOLOGY OF THE STUDY

At the time of the CEQ request, two authoritative studies had already

been published on the state of OCS technology. The first, Quter Continental

Shelf Resource Develovment Safetx,l/ was authored by & Panel on Operational

Safety in Offshore Resource Development of the Marine Board of the National
Academy of Engineering (NAE) and published in December 1972. The second
report was prepared by an interdisciplinary team of the University of
Oklahoma (OU) and was designed to make a technology assessment of OCS

development. It was entitled Energy Under the Oceans--A Technology Assesue-

ment of Outer Coﬁtinental Shelf 0il and Gas»Operationsg/and was published
in September 1973. ' '
Using these two studies as the basic documents around which to organize
a conference, KFF examined the various steps involved in 0CS development.
In order to divide these functions into manageably-sized units that could be
studied, seven discrete groups of activities were identified. It was recog-
nized that the OCS development is actually a continuum of operationé that
necessarily overlap and that some duplication was inevitable as & result of
the arbitrary groupings that were selected. The seven topics chosen were
exploration, field management, drilling, production, transport and storage,
~ containment and cléanup of o0il spills, and fire frevention and fire fighting.

Of these seven topics, four were thought to be still controversial with

}/ National Academy of Engineering Marine Board, Panel on Operational
Safety in Offshore Resource Development, Outer Continental Shelf Resource
Develorment Safety: A Review of Technology and Regulation for the System
atic Minimization of Fnvironmental Intrusion from Petroleum Products,

PB 2%5 629 (Springfield: National Technical Information Service, December
1972).

2/ Don E. Kash, et al., Energy Under the Oceans: A Technology Assessment

of Outer Contlnental Shelf 0il and Ges Operations (Nbrman University of
UkIahoma Préss, 1973).
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respect to the state of technology and where it could be safely uséd,-and
two of fheﬁ—-drilling and production--were t?e most coﬂtrdversi&l of all,
The three topics on which the literature in general, and the NAE and
UO reports in particular, showed no important differences among the experés
were exploration, field m;nagement and fire prevgntion and fire fighting.
As a résult, the conference did not hold panel sessions on these tobics
~ but papers were commissioned on each. These were prepared by personnel of
the U.S. Geological Survey (UsGS) and ere included in this report. Tﬁe opinions
‘expressed on these topics in these'papers and in the NAE aﬁd‘UO reports are
_ included in the overall conclusions and recommendations of this report.

For the other four topics (drilling, production; fransport and storage,
and containmeht aﬁd cléanup), two papers were pommissioned on each which
were designed to identifly differences between the NAE and UO reports on
their assessments of the Staie of technology and, to the‘exient possible,.
to sﬁggest methods'of reconciling them. These commissioned papers were
to be used as the basis for the panel discussions at the conference., One
other report was used kalthough it was reéeivéd Just before thé conference

_began) in both the panel discussions and iﬁ the preparation of the final

panel reports. This was entitled North See 0il and Gasl/ and was prepared

by five of the eight Univefsity of Oklahoma perscnnel who authored the
earlier UO report.

| Pour parallel sessions were conducted, one on each of the four topics
identified as needing further discussion. Three sessions were held on
drilliﬁg and produétion, and one session each on transport and storage

and containment and cleanup (see Agenda at the end of this section).

1/ Irvin L, White et al., North Sea Oil and Gas: Implications for Future
United States Development (Norman: University of COklahoma Press, 1973).
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In a final joint session of all the participants, the Chairmen énd rappor-
| teurs presented preliminary reports of each of the panel deliberations,
Attendance at the conference was by invitation and a deliberate ettempt
.was made to have articuiate representatives of differing viewpoints and
constituencies attend. Thus, representatives of the National Academy of = *
Engineering Marine Board, the University of Oklahoma, industry, the various
government agencies (U.S. Geological Swrvey, U.S5. Coast Guérd, Environmental
Protection Agency, National Aeronautics and Space Administration, Atomic
Energzy Commission, National Oceanic and Atmospheric Administration, Maritime'
Commissioﬂ), environmentalists, and other informed members of the public all
participated. | "
The draft reports of the rapporteurs of ‘the sessions were reviewed by“
the respective panel members and their suggestions included wherever possible,
Reservations on a given part of the rapporteur's report by panel members are
included as footnotes to the panel report wherever the comments received
were of sufficient importance to warrant this'treatmento’ The panel reports
do not attempt to reach a consensus where one was not fgached, but rather
identified differences that could not be recohéiled. The xveports, however, '
do make specific recommendations with respéct'to the adequacy of various
techniques for leaSing on the 0CS of the Atlantic Coast and Gulf of Alaska,
even in the abseﬁce of a consensus, and could not have been incorporated in
the revised version of the report without; in fairness to the panelists,

resulting in another round of reviews. '



WORKSHOP OVERVIEW

Tt has proved to be very difficult to (1) arrive at a f#ctual and accu~-
rate assessment of the status of the various OCS technologies in‘producing
Provinces and their applicapility to the sea, meteorological and seismological
conditions,that will be found in new provinces, (2) assess the environmental
risks that the transfer of this technology will entail, and (3) determine
if new téchnology is necessary to operate at an acceptable risk level in the
new areas. There sare honest differences of opinion about the state of tech-
.nology and about the many facets of.this complicated system. There are glsq
uncertainties in défining and estimating riskg. Beyond problems'arising frém
differing technological asseésment, obtaining agreemeﬁt among the parties
'invdlved is extraordinarily complicated by several obstacles. ' v

The first 6bstacle Is a threshold question. Who is entitled fb partici-
paté in the dialogue? It is clear from the backgiound pépers, but emerged
even more sharplylas an issue in the paﬁel discussions, that industry generally
belieﬁes that it possesses the expert knowleﬁge, has had long-time experience
and is investing its money in these defglopménts ahd should be allowed "to
"get on with the job." Its repfgsentatives seem to argue that those outside
tﬁe industry who are attempting to participate have little to contribute to
solving the problems that have emerged, may be unnecessarily slowing down
development; are sometimes demanding saféguards beyond those wpichare reason-
able and which the industry is sufficiently motiv#ted to adopt in its own
interest, may be encouraging uhneeded additional regulaticn, énd may bring
abqut incbrporatibn of backup safety measureé that have unfavorable qost/

benefit ratios.
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Those members of the public who have concerned themselves with these
matters;/argue;ion the other hand, that the resources being developed are
of nationallconcern, that>ﬁot all of thoge operating on the OCS are using
acceptable or "best available" technology, and that the industry may be
willing t¢ take environmental risks that at least some of the public think:
are unécceptdble, in the sense that in evaluating the costs and benefits
industry may, at times, either ignore or improperly asseéss costs that are: =
external to their business interests.g/ , o i o

This clash over who should be involved and in what way is most clearly '~
reflected in tth panel reports on drilling and production.. It appears im
& much less obvious form in the transport and storage report, and is least -
obvious in the containment and cleanup report. The different degrees.of
involvement of the various panels in this question could have been prédicted.
The drilling and production accidents have produced the spectacular events
that arcused the public to the problem, so it is in this area that industry -
has felt the most pressure but it is alsé nearly the only source of kndw-'v:
ledge of how to improve the techﬁology. Transport-and storage have also been
the souréerf some ' oil spills but they are générally not as eye catching as-
those produced by drilling or production accidents, or as spectacular as ‘
platform fires. it was, and should have been, difficult for industry to’
argue against public participation in containment and cleanup activities, &
since this is a subject which is germane 6nly when én/acéident or spill of

some kind has already occurred,

1/ Hereafter the word "public" will be used to include those other than
representatives of industry. It is also recognized that only & small part
of the total public has become actlve in the question of OCS leasing

_/ Privately, of course, both members of the industry and the public may.
take even stronger stands on the issues.
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A difference in attitudes of industry and the public members of the w§rk-
shop also ‘eme,rged in a related area, The public members were »genera]-‘_'Ly urging
that indﬁstry 'curn to other discipline for help in solving some of the
OCS problems. They emphasized the concepﬁ of viewing the. problems in the
context of a system made up of the man and the machine. Since many of
the accidents have been human rather than eqﬁipment failures, it was '
e.r_gued that the use of people trained in the behavioral sciences ecould
be of great help in improving training and in designing equipment that -
would reduce human error. Although industryvh’a.s already taken steps in
some areas to apply such knowledge where it is more obviously useful, it
still resists acknowlédging-_that the industry should use such non-
petroleum disciplines and knowledge on a routine basis.

The second major obstacle to reaching agreement is the industry's
fear of govermment encroachment on its activities. This-in&ustr:} attitude
toward govermment involvement in its operations is of long standing and
industry has resisted consistently and vigorbusly efforts of govermment
to enlarge its ljeq\iirements in every area vwhere government é.nd the
petroleum industry interfacg. The present energy shortage has brought : |
to the fozje a varlety of proposals _fo open up to public view the large
domestic petroleum companies so that their representatives are now particu-
larly sensitive to suggestions that would result in more regulations
of OCS operations. This problem, ‘top,‘ was most clearly highlighted
in the 'Driuing Panel where suggestions for stricter USGS- inspections,
for government certification of platform workers, for ihépection and
certification of fra.ining scﬁools s :a.nd for goveriment 'R&D, at leastv in

some areas, were met with some industry opposition.
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The panel reports seem to suggest a third obstacle to obtaining aé,ree-
ment on the issues with which the workshop was confronted, This was related
to the rapidly changing state of technology, regulatiori, and industry and |
public inwolvement In the 0CS. 1In spite of its concern about external
intervention 4and government regulatioh, in order to move forward and to
improve its performance industry has rapidlé' developed new technology and
responded to the pressures placed upon it by the emerging concern of the
public about the environment., As experience has been gained in new areas
where different pfoblems were encountered, new ‘tec-hnology tailored to the
given physical parameters wag' developed. As environmental enhancement became
of greater interest to the public, the industry devoted greater attention to
‘preven'cing accidents and reducing spills. The governmental response has *Ea.ken
the lfoz"m of more comprehensive -sfa.nda.rds and more regulation by the govern-
ment to see that the standards are enforced. These raplid changes have given
the crities of the :Lnduétry a difficult moving target since frequently their
suggestions have been incorporated into use before they are even aware of it.

While the improved equipment that has béeh developed and the better
operating procedures that have been introduced will undoubtedly reduce
accidents and spills in the long run, it is the growing awareness of indus-
try, govermment and the public of their respective ro;Les and the need to
work together that coulci be of even greater importance. So many of the
suggestions for improvement in QCS opera.tions that were contained in the
working papers for the panels have already been applied widely that the
evidence is clear that rapid progress has been and ;Ls being made in improving
‘8l1 aspects of 0OCS o;perations. In spite of tﬁe sharp differences that emerged--
and that were discussed above--gbout ‘whose problem is it" and "havmuch

regulation is too mach," the industry is responding,as it always has, to
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the che.nged ground rules. It is obvious that in the future there will be
greater public participation and more regulation, and the industry will
want to cooperate so as to insure that dema.nds-pla.ced upon it are both
rea,sonabie and technically feasible.

Consensus was vreached on many of the issues that were discussed; for
these, see the individual panel reports. 'Some of the specific remaining

differences and the panels' conclusions are given below.

. SUMMARY

Drilling Technology

Some Remaining Differences

1. Whether existing monitorlng and recording devices are sufficient
to reduce ‘plowouts to env:.ronmenta.lly acceptable levels, a.nd whether there
is merit in increased automation,

2. Whether manda:bory training a.nd/or certification should be required -
for the operators and whether government should set and enforce training
standards. ,

3. Of what value would be the reporting of "near acciden‘bs."y

' Lk, The _emount, nature and type of public participation that is justi-
fied in the metﬂod for the setting of standards a.pd the regulation and
management of OCS activities.

5. The extent to which the d:ljilling industry relates to, and could

benefit from, non-petroleum technologies,

1/ The Production Panel reported that the failure-reportmg system of the
type suggested by NASA is workmg vell and has resulted in improved performa.nce.
\



Conclusions

1. Despite some specific improvements that can still be made, no
problems were identified as being significant enough, in the drilling phase,
to warrant abstention from extending activities to.new.aieas.

2, There should be a designation of a lead agency within the Federal:
regulatory'structure, a tisghtening up of regulatory activities, the establishw
ment of a regulatory regime that can be counted on for some years, and industry
should be given as much léad time as possible when govermment ‘expects to
lease in new areas. | |

| 3. Industry still remains generally hostile to what it considers
~ intervention by the public untrained in OCS problems and technology and
additional regulations. Nevertheless, such public participation in such
activities is now provided for by law and industry must accommodate to this
* new condition. Additional regulations will inevitagly come because sone
operators will not use even minimal safeguards unless required to, and in
the evalﬁation of risk/benefit relations the public end the industry may
legitimately estimate both different risks and benefits, so that the public
must participate to protect what it perceives to be its interests.

L. Certain areas, especially in the environmental-field, were recommended

for governmental R&D funding.

Production Technology

Some Remaining Differences

l. There is some question by one panel member as to whether the best
available equipment, particularly that developed abroad, has been applied
promptly in the U.S. OCS operations. This is a reflection of the diffieul-

ties that arise in an area where technology is changing rapidly (see p._;___)o'
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‘2. %ile the industry's statement put forwerd in the Production_fanel
that using Los Angeles Codes for.seismic design of pla.tfoms should result
in en earthquake-safe platform was not contested by other panelists, no
probability statements couldvbebmade gbout such a platform after it is
completed. (in viéw of the reservations éxpreséed on this matter in the
Drilling Panel by a CEQ expert, this point should receive additional con-
sideration,) -

3. No sgreement was reached on what the effects of oil‘spills had been
§n the ecology in existing areas although industry representatives felt that
few or no effects could be identified, These differences among t@e par-
ticipants arose from a lack of know;edge of baseline conditions and ca.r{not
be resolved until these are determined @m more asccurately than they havé
been to date,

‘h; There are differences of opinion sbout the_degree of safety of
operations on a platform (particularly during workover operations) as the
nurber of wells per platform is increased.

" . 5, The adequacy of USGS :egulations and enforcement procedures was
questiopedbas was the need for increasing public participation in 0CS
' activities.l/ |
6. The training of manpower and their licensing or certification was
also an unresolved issuegél | ’

7. Despite conclusion (1) below, some members of the public proposed
that in new a.reas‘ the enyiromnentalf standards should be more rigorous than

the existing standards until more experience is gained in thesé areas,

}/ See "Drllllng--Some Remalning Differences," item L, p. 11.

_2j Thid., ften 2,
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Conclusions

1, With respect to environmental loads, the panel found that while
some environmentel conditions are not .clearly known the "'reasonable" worst :
case conditionsy can be'met through appropriate design and operation.

2. It was concluded that téchnologic solﬁtions exist for the trans-
fer of structures (configuration, materials and fabrication, foundations),
water treatment, safety valves and generael sensor systems to meet levels of
e:cistihg environmental standards (in the Gulf of Mexico) in the new areas.
No signficant needs exist for developing new technology if Gulf of Mexico
enviionmental protection standards are acceptable.

3. More stringent standards and criteria could be met since 'therg is
still room for technologie imprwément ‘and further devel opment may be desired
or required;g/ |

4. Technology management could be profitably further developed through
improved training, quality control e_ngineering, human factor and man/machine

engineering and regulatory engineering.

0il Spills and Containment

Some Remaining Differences

1. The most serious difference that rema.ir;ed among the panelists was
how often environmental conditions in some new areas would be 50 severe so as
to prevent existing mechanical containment and recovery systems from operating

o tisfactorily and whether aceidents are more likely to occur during those

y USGS would be expected to regulate closely so as to assure this,

2/ The Drilling Panel also arrived at a consensus that more R&D was needed.
Additional R&D was recommended by the Transport and Storage Panel, and even
greater emphasis was placed on R&D by the 0il Spills and Containment Panel. The

Drilling Panel, in addition spent considerable time on the role of government
R&D.
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extreme periods of sea or meteorlogical conditions. The industry representa- |
tives thought the conditions in which gquipment would not operate occurred
only 20 percent of the time, and thafa.ccidents were not more -likely to occur
during those periods., In contrast, one public representative sald environ-
mental conditions varied from area to areas, and in some, nonoperability 40
percent of the time would be & more ac@ate value.

2. The Coast -Gua.rd represent-ative had more reservations about the
present and future poten‘cia.l of chemical dispersants for ‘o;'.l spill ecleanup

than others on the panel.

Conelusions

1. The ma.in thrust of the panel's recomnendat;‘.ons' is that RED in &
variety of contairment and cleanup processes is still needed. Examples
are studies of the moveﬁent and tra.jeé‘bory of oil \on thé surface under ‘
Mious con@itibns 5 & kncwledge -of the chemical and biologicel processes
that toake place when oil is added to the marine enﬁfonmen’c, the need to’
develop containment e.ﬁd recovery. devices.for a widevra.ngé of sea and weather
conditions testing of various devices in é.ctue.l field operations', and the

| development of nOntoxi;: dispersants.

2. I;he present techniques for containment and cleamup can be used in
the :OCS off the Atlentic Coast arid the Gulf of Alasgka é. certain percentage
;f the time, but exactiy How much in different areas couid not be agreed upon.

’ 'ThebR&D éuggested in the first reéomendation_, if suc'cessi‘ui, could greatly

increase the percenta.gé of time when such systems could be successfully used.
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Transport and Storage

Some Remainlng Differences

1. with exﬁensive U.S. experiende in overland and offshore pipéline
transport, the industry feels that it has demonstrated overall integrity of
pipeline systems and that prevailing practices can be t'r.a.nsferred safely to
new areas, Some ﬁlblic members expressed strong reservations about the
adequacy of present methods in v-iet.v of what they allege are large volumes
of oil that have been released from pipelines, The issue is clouded by a
reporting system that is m_ridely conceded to be woefully inadequate. More-
over, tﬁe ecological system in new areas may need more rigorous standards
if it is to be protected adequately.

2. Some public members thought that US experiencé with stpra.ge has
>1'>een g0 slight under environmental conditions similar to the OCS off the
Atlantic Coast or the Gulf 6f Alaska that few firm conclusions should be
dravn sbout this technology.

3. There remains some difference of opinion as to the depth of water:‘
in which pipelines of various diameters can be laid using proven techmology, -
and whether the optimism of the industry members that they have the "demon-
strated ability" to lay large dia.metér pipe m 900-foot deep water is justified.

k, fThere aiso r_ema.ins some difference of opinion as to whether there
will be increased environmental risks as ;;ipelines are la.id at greater
depths. The inq.ustry states that the greater financial investments will
induce greater safeguards while some public mgmbers argued that the increased
costs could be a disincentive to greater safety. A public member thought
there ;-:a.s g need tq develop improved methods of monitoring corrosion of

offshore pipelines and to develop improved pipeline repair techniques.
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Conclusions
1. The panel concluded that adequate pipeline trenchlng technology
exists to avoid such problems (in populated coastal zones) as sp01ls dispo-
sition near shore, dispersion of settled industrial wastes, etc., but that
3im§roved‘jurisdictional arrangements, better lsnd’use planning, and‘overall
'nandgementbdeciSions and sppropriate monitoring are requlred;} Excent for |
these bothersome problems, the technology éenerally aﬁpears_to be adequate
for new areas. ‘ } | B -
‘2. If storage and transport are to be used in the Gulf of Alaska, the
types of storage used in other areas will not be satisfactory. Floatlng
structures designed to safeguard agalnst rupture would be needed.. This is
“an area vhere some new R&D efforts could be very useful. s \
3. The panel recognized the need for more complete and systematic

reportlng practices on plpeline leakage.

x X X X ¥

As can be seen from the sbove panel swumeries, in 511‘0% the four
‘panels there Temained unresolved differences dbont the exact'state of mdch
of the technology; how closely the sea, weather, and seismic conditions on“
the OCS off the Atlantic Coast and in the Gulf of Alaska resemble thosevof'
the produclng areas in which experience has already been gained, and in the
evaluatlon of what degree of environmental rlsk would be involved in trans-
ferring available equipment, technology, and operatlng experlence to the new
"areas. . However, the panels concluded that if adaustments were made in des1gn
of equipment to take cere of the identifiable differences:between'tne‘new‘

areas and the old (particularly seismic.and tsunami occurrences), if more
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attention were paid t.o human facto:s and training, and if the regulatory
function were given to one lead agency a.nﬁ carried out diligently by it,
leasing could go forward in the OCS off the Atlantic Coast and Gulf of
"Alagka, The panels also noted that despite ltlhe vast improvements which
have already been made by industry initiative and action in equipment ‘
design and operating techniques and by government in strengthening.fbhe
standards and regulatory functions, much more can, and should be, done to
continue to improve the record through R&D as well as by administrative

actions.
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AGENDA

RESOURCES FOR THE FUTURE, INC. CONFERENCE ON;
OUTER CONTINENTAL SHELF TECHNOLOGY AND CONTROL

. DATE: December 5-6, 1973
PLACE: Ma.rriott Twin Brldges Motel, Arlington, Virginia

' . Kl

Wednesday, December 5, 1973

10:30-11:00

OPENING . SESSION
Joseph L. Fisher, Resources for the Future, Inc.
Stephen J, Gage, Council on Environmental Quality

11.:00-12:30

SESSION 1. DRILLING TECHNCLOGY
Chairman: George F. Mechlin, Westinghouse Research Laboratories
Rapporteur: Hans H. Landsberg, Resources for the Future, Inc.

Authors: W. F. Allinder, Texaco, Inc.
"American Petroleum Institute Comments on the
Three Conference Background Studies”

A. J. Laborde, Ocean Drilling and Exploration Co.
"The State of Offshore Drilling Technology, With
Special Reference to the Gulf of Alaska and
East Coast"

SESSION 1. PRODUCTION TECHNOLOGY
Chairman: . Ira Dyer, Massachusetts Institute of Technology
Rapporteur: TFrederick Wells, Resources for the Future,- Inc.

Authors:  E. 0. Bell, Mobil 0il Corporation
"Environmental Protection Technology in offshore
Petroleum Completion/Production Operations"

C. C. Taylor, Exxon Company, USA
"Status of Completion/Production Technology for the
Gulf of Alaska and the Atlantic Coast Offshore
Petroleum Operations"

2:00-5:30
SESSION 2. DRILIING TECHNCLOGY
Chairman: George F. Mechlin, Westinghouse Research Laboratories
Rapporteur:  Hans H, Landsberg, Resources for theFFuture, Inc.

‘Authors: , W. F. Allinder, Texaco, Inc,
A. J. Laborde, Ocean Drilling and Exploration Co.
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SESSION 2. PRODUCTION TECHNOLOGY
Chairman: Ira Dyer, Massachusetts Institute of Technology

Rapporteur: Frederick Wells, Resources for the Future, Inc,
* Authors: E, 0, Bell, Mobil 0il Corporation
C. C. Taylor, Exxon Company, USA

' Thursday, December 6, 1973

9:30—12:30 .

SESSION 3. DRILLING TECHNOLOGY
Chairman: Willard F. Searle, Jr., Consultant

. Repporteur: Hans H. Landsberg, Rescurces for the Future, Inc.

Authors: W. F. Allinder, Texaco, Inc. e
A, J, Laborde, Ocea.n Drilling and Exploration Co.

SESSION 3, PRODUCTION TECHNOLOGY
Cheirman: Ira Dyer, Massachusetts Institute of Technology

Rapporteur: Frederick Wells, Resources for the Future, Inc.

Authors: E. 0. Bell, Mobil 0il Corporation
C. C. Taylor, Exxon Company, USA

SESSION 1. OIL SPILLS AND CONTAINMENT
Chairman: Howard Herrenstien, University of Miami
Peter Pearse, Resources for the Future, Inc,

Rapporteur:
Authors: Paul Jeffery, Warren Springs Laboratory
"Status of Oil Spill Containment and Recovery in
the U.K."

W. E. Lehr, U, S, Coa.st Guard
"Contaimment and Recovery Devices for Oil Spill

Cleanup Operations"

SESSION 1, - TRANSPORT AND STORAGE
Chairman: ' George Doumani, Library of Congress

~. Repporteur: Joel Darmstadter, Resources for the Future, Inc,

D. E. Broussard, Shell Development Company
"A Review of Offshore Pipeline Transport-and

Storage Technology"

Authors: |

W. E. Pieper, Brown and Root, Inec.
"Construction of 0il e.nd Gas Pipelines and Oil Stora.ge

Facilities on the Outer Continental Shelf"

2:00-3:00

CONFERENCE SUMMARY
Harry Perry, Resources for the Future, Inc,

Chairmen and Rapporteurs



PART II., PANFEL, REPORTS : - 21,

REPORT ON- PANEL SESSIONS ON DRILLING TECHNOLOGY
by . 3. _' ;

Hans H, ‘La.ndsberg.
Resources for. the Future, Inc.

Most of the issues ._discussed in the three sessions held by the Panel

on Drilling Technology can, with some tolerance for untidiness, be sum--":

ma.rized under the follow:.ng headings.

(@)
(2)

7 (3)

().

(5)
(6)

(7)
(8)

Adequacy of momtoring and recording devices a.nd procedures

‘ (instrumentation)

Personnel training, especially status and evaluetion of
schools

Role and scope of goverrment R&D

Accident evaluation

Coordination of industry regulation and range of perticipants

Comparison of major parameters: Gulf of Mexico, North Ses,’ .
East Coast and Gulf of Alaska - ' Lo

M'isce_llemeoﬁs technological aspects

Consensus, dissent and attitudes =

Such & grouping leaves for separate consideration only an attempt to

- characterize something that might be called an "industry view" as opposed

to views held by a.cedemic pa.rticipe.nts' arid'environmental.ists ,,'ear':h based

largely on wholly rational differences in the perception of risk/benefit

reletionships;_ time factors, ete. These'_o‘oserva.tions are offered at the

end of this round-up as a perhaps useful by-product of the panel discussion,

. though not as a consensus ou':ccme.

The pa.nel discussions used as their sprmgboard the Universi’cy of Okla~

homa (hereafter OU) study, Energy Under the Oceans,* and, to a lesser -

* Energy Under the Oceans, ep.cit. A
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extent because of late availability, North Sea 0il and Cas,* as well as

the National Academy of Engineering report, Outer Continental Shelf Resource

.D_gveloment Safety.** The firstland third reports were ispecif‘ics.l.ly
analyzed in p}apers' prepa.red'by Messrs. Laborde and Allingier. Tl;e latter

" also offered to the panel meeting a review of the second report. These
three papers are not summarized here, but are oﬁ file in the CEQ library.
Reference is made to thenm as“needed. This- reporp was submitted for co_mment
to a.'Ll pa.ne.lists. Exceptions to the word.iné that indicated a significant
dif,fference of jﬁcigment or reiteration of a position not adequately reflected
- in the report are set out in‘footnote‘s referred to in the text.

1. Adequacy of Monitoring and ,LRecording Dev1ces
and Procedures

A major se.f‘ety hazard in drillmg, not peculiar to offshore operations,
is that the bit mll penetrate an o:.l- or gas-bea.ring formation--an event
that constitutes a potentia.l blowou’c ha.za.rd. When this occurs offshore, the
spilling oil can create the va:rious types of damage descrj.bed and discussed
by other panels anfi papers. | | (_ |

The industry has over time evolved gpecific monitoring end recoraing
devices designed to furnish sufflclent advance warning of the kinds of
i.nflu.x f‘rom the reservoir that represent & potential blowout situation., To
date, offshore drl]lers have a good record of maintaining control. Nonethe-

less, there is controversy over the adequacy of such devices within the

* North Sea 01l and Gas, oﬁ.cit.

** Outer Continental Shelf Resource Development and Safety, op.cit.
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the general context of sgreement by panelists that continuous efforts should

~ be made to improve on this record.

(a) Mud Monitoringy ’

The principal warning of changing pressure in the well casing 1s a change
in the return flow of the drilling mud. Prevailing practice measures -changes ‘
that exceed a gé.in in the ta.ﬁk of more than five barrels sbove normal level.
Based upon their research, the OU participants question the adequacy of
'bhesé devicés end recommend mud monitors capable of measuring volume changes
as small as one barrel be required. I_ndustlry spokesmen feel that prevailing
monitors are adequate and that any greé.fer precision would actually be |
countexproductive, primariiy by dulling the operé.tbr's alertness, Moreover,
external factors other than changes due .io mud influx would produce record
- changes in monitoring instruments and could thus po‘ssi‘biy mislead the
. operator. The position of indus‘try @okeSmen on. 'Ehe pa.hel wes that an
accuracy of one barrel would provoke ma.ny' "false alarms." They maintain
that it is not the precision of the measurement (fivé barrels vs. one barrel--
oi‘ any other nuiber smaller than five) that is impqi‘tant; ratherv it is the
reduction of the time la,g between an indication of an influx and responsive
' ja.ction-'based on it., While the penelists agreed that what was importa.ﬁt WaS
reducing the time 1a.g}between knowledge of n.nﬂmc and responsive aétion based
on it, industry spokesmen contended that the proﬁosed change would mske no

1

contrivution.

(b) Downhole Instrumentation

Panelists agreed that vhat was needed was provision of pressure informa-

tion from within the geologie structure just ahead of the drilling bit,
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- Discussion of the usefulness of downhole instrumentation to accomplish. this
‘was somewhat inconclusive., Industry spokesmen were of the opinion that it
- would not be superior, in terms of lengthening the time between indication
of trouble énd response, to current instrumentation, They agreed, however,
tha.t th‘is may be an area worthy of ‘ﬁufther explqra.tion.
In tr;is connection, it was noted that there do not at present exist

any API standards in the matter. The rapporteur proposed that perhaps
establishing these would be & wortiwhile focusing point for the entire dis-

cussion centering on adequacy of instrumentation.

(c) Increased Automation

Finally, views differ strongly on the a.dvaxitages of increased automa-
tion, i.e., predetermined response to indications of trouble. This has sub-
stanfiél appeal to some of the non-industry participants as Earrying some
safeguard against human error.g/ Industry spokesmen point out, however, that
what is neecied is intelligent reaction to the specific incident. Often, they
argue, you may not want to close the blowout preventors, for example, but
take other evasive oi remedial action; & preset automatic response would
deprive ‘Ehe operator of needed freedom of action. The pit level indicator
| (i.ve. , the drilling mud parameters) is basically a trouble indicator, sig-
na.llihg that something is wrong. What precisely is wrong and what action is
're@ired to deal with the situation is best decided by the operator, according
to drilling experts. It would seem that in this area, too, the setting of
standards by API (or others) co*;xld be & useful path toward closer agreement
on the limits of a.u’ccmé.tion, in the éense of fi.nding the best tradeoff point
between added safety and assurance Iof reasonable continuity of drilling

3

operations.
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2., Personnel Training, 'Esnecia.lly Status and
Evaluation of Schools

\

The OU analysis lays great stress on what it calls the “man-machine
interface™ and cites exampies of the usefulness of & systems approach to
'sa'.fefy obje!ctives; ﬁnless_ equipmeﬁt is designed to coire1€te with human
behavior che.racteris’ciés, human error will be blamed for misha.ps,ﬁhereas |
in fect, errér :is partly triggered by failure to consider elerents of
behavior and design equiﬁment a.ccordihg'ly. |
| The coﬁtroversy in this aréa is palpable. Iﬁdﬁstry argues that it
would bé foolish if it did not provide and insist on the best possible
training for drilling operators; as the potential losses of rigs, wells,

* and,of course, skilled manpower, would in the first place hurt the company.
Thus, spokesmen say quite frankly it is perfectly reasonsble to leave the
formation and judgment of skills to the compa.nies; The argument is bol-
stered by such observaéions that "schooling isn't everything," that some of

~ the besf operators have iearned their job "by doing it," that excessive reli- -
ence on training might dull the sharp edge of experience, ete.

It is obvious that the industry is quite sensitive on this score, while
to the outsider it would seem & minor matter whether c;r not the gavefnment
takes & hand in setting standards for schools, operators, or both. What may
be involved is bot‘hv the operators' pride in their record and the indu'stry's
reluctance to let the goveﬁment stick its snout under yet one.other tent.

Several a.spgcté are at issue. To begin with, non-industry participants
argue for some gpverment role in detenninipg the mriwlm and performa.nc_e
of schools (these' would be schools ‘to instruct mainly in the pfevention of
“blowouts but extend also to other hazards). The NAE report, for.instance , 

reconmends specification of criteria for judging such schools as do now exist.
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The USGS has put together a set of recoﬁnendations that are now under review
by the API, but, of course, the API has no enforcement facilities. More-
over, the QU repOrt\ criticizes the API for having only industry operators,
albeit training-oriented ones, on its panel and no behavioral scientist
specializing in learning theory. Indeed, the OU representatives argued
that a trade association such as API is not an appropriate organization
upon which to rely for assistance in setting standards and establishing
requirements. An organization which is much more broadly representative
should be used. This probably would require establishing an ad hoc commit-
tee for that specific ptu'posé. At a minimm, advice should be sought from
a variety of parties é.t int.erest rather than- solely from the industry's
trade association and interest group.-

Ancther question raised is the capacity of existing schools. While
some operators report thaf all their own and contractor's personnel must
have gone to such a school, others do not, Were training t6 be made manda-
tory, presén’c Sf:hool capacity v}ould Jikely not be adequate. What should be
done to forestall shortages, and under what auspiées should desir.ed expansion
occur? Consigtent with their general attitude of self-reliance industry ‘
panelists argued in favor of 'seJi‘—regulation, perhaps through such channels
as the Drillers Association, This contrasts with the doubt expressed by
non-indlllstry 'pa.nelists that in the face of past mishaps this would not be

| en’oﬁgh to restore and strengthen imblic confidence in the adequacy of trai_n;
ing. Only a combination of (a)< inspection and certifica.tion of schools by
a governmental e,geﬁcy, (b) requirement that all personnel employed on off-
shore rigs successfully pass approved training courses, and (c) a thorough
évalua.tion of the effectiveness of such training, conducted by, émoné others,

members of disciplines familiar with behavioral characteristics and learning
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theory,‘ and paying special attention to the degree of realism of training,
wouJ.d contribute to inspiring confidence, However, there was some opinion .
e:mreésed that one should not prejudge the issue whether schools were in
fa.ct the most efficacious wey of dealing with the human factor in the
reduction of hazardous evénts'. .

Since it was reported tﬁat the Occﬁpational Sefety and Hea_.lth Adminis-
tration (OSHA) is now moving in the direction of exercising greater -govern-
ment superivision of training facilities and criteria for operators, and
since USGS also has become iﬁvolved and is wquing. with a broad-based
‘review group in the National Academy of Sciences in order to tap talent
beyond the boundaries of the industry, perhaps the time is vpropitious for
deeling in a non;fragxnented manner with the issues raised. This would begin
by recognizing the initiatives.taken and practices adopted so far by the
.industry so as to avoid the impression- that the public has just invented e.‘
new path to safety. At the same time, inéustry would be wise to recognize
that the argumerts it marshalls against increased stress on schooling--such
&s that it engenders overconfidence and complacency, renders dismissals of
incompetents more difficult, and that in general "industry knows best"
because its own interestsq cofnpel it to play it safe-=will not convince a
skeptical public opinion. These a:cé arguments, non-ind;ustry panelists
insisted, that could apply with equal force to many segments of economic
activity in a modern society, but have been overriden for reasons of pro-
mbting public safety, of both’ people. and places,

In approaching solutions ,. the Environmental Protéction Agen_éy (EPA)
participant proposed it is important to gsk (a) what a.ieas of operation and
what types of jobs should come within standardization of curricula and oper-

ator certification and (b) how quickly steps should be taken in order to bear
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fruit for drilling activities in-new locations, specifically on the East

Coast and in the Gulf of Alaska.

3. Role and Scope of Government R&D

One of the observations advanced by OU was that the industry had made
remarkably little use of government R&D funding possibilities and that
present public misgivings about extending drilling activities to the East
Coast and 't;he Gulf of Alaska might have been minimal or absent if such R&D
assistance had been obtained, |

f{ather than réproduce a protra.c;ed and pé.r‘tly qﬁite general discussion
on the drawbacks or advantages of government-funded R&D (e.g., government
ié slow; government does not possess requisite competence; government is
more impartial; government R&D can overcome antitrust bars to cooperative
industry R&D; industi"y knows all it needs to know to commence drilling on
" East Coast and Gulf of Alaska; etec.), it is useﬁzl'here to report on the
consensus reached: | ‘

(a) A measure of government R&D is needed to. proﬂde the

agencies with sufficient ‘in-house knowledge to write
and implement regulations;

(t) Government RSD will stimulate innovation where industry

incentive.is lacking;

(c) Incentive will be lacking where the frults of R&D cannot

be appropriated for private gain or where scale of
expenditures seems to be out of proportion to gain

expected to accrue to company;



29.

(a) ‘ Areas in vhich government R&D eppears especially appropriate

are.;

(1)

(11)
| (111)

Effect of seismic events on drillihg.risks
(probably more important for production than
drilling phase); o |
Extension of'wéve theory;

Effects. of dumping of cuttings, drilling

mud, etc. (no technology barrier, but

(iv)

(v)

important cost considerations);

Question of limits to scaling-up of technology
now prev&ient in traditional produci;ion areas
to‘ candi‘bio‘ns appropriate on East Cba.st and

Gulf of Alaska;

‘R&D on evnironmental issues genera.lly.

A qués’cign applicable across the board on these matters is how to

anf_icipate areas where design problems will arise for drilling in the Gulf .
of Alasks and along the East Coast. What i)robleiﬁs will be encountered by
a.ZL'L operators with regard to ice-loading or seismic loading,for example?

Will tsunamis present special problems, and what will they be?

One of the industry participants informed the panel that his compaﬂy

‘had a.ccmnula.fed several volumes of information on environmental parameters
in the Gulf of Alaska and that the raw data were accessible for the asking.
The point made was, of. course, that industry had not waited for government

R&D to acquire what knowledge it could.

Nonetheless, considerable discussion developed around the eriteria for

designing for seismic risks.. Specifically, CEQ's consultant on earthquakes
‘ ‘ . N\, ?

\
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put in doubt an industry' practice that uses building codes in the Los Angeles
area as & guideline, The seismic shear-effect in the water environment is -
likely to be more serious than land-based effects, though in general there
was agreement that in the drilling phase the likelihood of & serious
accident was extrenfely remote, given the need for simultaneous  occurrence
of the event and an influx from the formation. Moreover, fhere is an auto-
matic safety device in that the well would simply be sheared off; and that,
in general, mobile rigs are apt to ride out seismic events.

Thus, the evaluation of the hazard from seismic events would be affected
mich 'n;ore from consideration of production than drilling. Put differently,
& decision as to whether drilling should be commenced would be based largély
on & decision whe‘chez_"" it was advisable to producé, trensport and store
rather than drill.

It appears clear, from.this sﬁmma:ry'of the discussion, that testing
the applicability of building codes in earthquake zones is a prototype of
the kind of Rl'ZeD appropriate for government funding and sponsorship. It
was considered important by all to identify other areas for govermment-

funded R&D.

4, Accident Evaluation o ' o V .
| A consensus was reached, with which the OU participants associated them-
selves, that matters were "moving in the right direction" with régé.rd to
monitoring and enalyzing accidents and alerting operators to the experience
and lessons, Specifically, USGS spokesmen judged that present technology
was adequate and obviated the need for monitoring devices akin to those
carried in airplanes. Again, industry spokesmen argued the human element,

i.e., that accidents always occurred in the presence of observers who, with
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the aid of. récbrding devicves » were in a position to evaluate the sequence
of eveﬁt’s. OU analysts who in their report argue for more automation in
fhis phase as well appeared less empﬁatic at t.h‘e panel meeting, They
egreed that "we are in a period of transition” in which USGS and the U.S.
* Coast Guard (USCG) between them investigate and report .wi'th greatly

3/

'No such .consensus emerged in the matter of "near-accidents." There

“Improved :efficiericy.

was strong objection on the part of industry to che.ra’,‘c_:terizing so-called
"kicks," i.e., small gains in mud circulation that can result from a

variety of causes, including minor influx into the well, as "near-accidents."
Rather, thesle were normal occurrences: in any drilling sequence. No report
should, therefore, be made. While the OU enalysts did not méunt a ﬁajor
ergument at the panel sessions ’_1_*/ the peint in tixeir printed report is made
strongly. There may be some merit, therefore, in trying to determine whether
it is possible to identify a threshold sbove which a "kick" could be con-
sldered a near-miss and thus worth evaluating. '

5. Coordination of Industry Regulation and
Range of Participants

Perhé.ps more than in other areas discussed, there was strong consensus
that nothing is to be gained and much lost--especially time--ﬁy fragmentation
of agency parficipati;)n. Clear designation of & lead agency, gene:;ally
'believ‘eq. to be the USGS, would be most helpful. Roles of others, both public
e.nd pri\fate, such as U.S. Coast an.rd., Envircormental frote.ction Ageﬂcy,
Council on Emrixonﬁxéntal Quality, Mgric@ Bl.ﬁ‘gau of Shipping, Americé.n
Petr‘oleﬁm institute, and internationel ones such &s the Inter-govermmental
Maritime ansuit;tive Organizatioxi;‘ at least shgtﬂ.d be sorted out and their

responsibilities clearly related to those of the lead agency.- Avoidance
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of conflict was considered more importent at this time than addition of
nevw regulations. ‘
There was also general agreement on fhe need for a long-term (ten-
year) pia.n of OCS dévelopment. This would permit sufficient lead time
for industry to design in accordance with specific enﬁronmenta.i condi-
tions, for government to call for and ;na]yze envirommental impact state-
ments » and for the public at large to‘find and fulfill its role in the
development of this large and rich public resource to be exploited in
accordance with the desires of society. |
The question of 'l;,he range and manner of public participation in the
wﬁting of regulations and management of OCS activities prédicta.bly could
not be resolved among the panelists. Industry argued, consistent with its
stand in other matters, that expertise rested primarily, and on occasion
exclusively, with it, carrying the clear message that all others were inter-
lopers, to be at best tolerated as a muisance, A%t the sa.mé timé, there was
a clear note in ind.ustry'cormnents that the worst of all possible .cond.itions
was one of uncertainty and _that if the industry only knew what it was that
écvemment and the public wanted, it could operate efficiently. Other
penelists pointed to enlarged pu;talic participation é.s & new fact of life
to be recognized by all concerned and to lead simply to a search for its |
most efficient management. '
Perhaps worth méntioning in this context is a spirited defensé by
" industry of the excellence and timeliness of U.S. regulations. Specific-~
ally, it was pointed out that the Norwegian regulations (Det Norske Veritas‘),
singled out in the OU report as especially worthy of emilation, were largely
based on rules promlgated muich earlier in the ABS code.'sj
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6. Comparison of Major Parameters: . Gulf of Mexico,
North Sea, East Coast and Gulf of Alaska

Most of the controversres taken up by the pa.nel relate to matters
in current areas of ‘exploration and production rather than new ones.
Improvement would benefit both old and new zones, |

In order to focus specifica.uy on the advisability of extendmg pro-
duction to the Ea.st Coa.st and the Guli‘ of Alagka, an attempt was ma.de by
the panel to compa.re environmenta.l pa.ra.meters of ma:for s:LgnJ.f:.ca.nce in the
various areas and-set them sgainst rig design cnteria.. A somewhat impro-
vised presentation a.nd debate on tne subject was subsequently supplemented
by da.ta. compiieo., e.t the request of the eonference sponsors, by one of the
pe.nellsts. o . |

The data suggest tha.t seismic conchtions a.pa.rt neither the East Coast
'nor the Gulf of Alaska are cha.ra.cterized by conditions of wind, waves
(ﬁ'equency a.nd hen.ght), wa.ter depth or current such as are not encountered »
'in exper:.enced env:.romnents (Gulf of Mexlco, North Sea) él Indeed, wind
veloclty, for example, is greater in the Gulf tha.n a.nywhere else‘, and rigs
deslgned to wea.ther Gulf storms could w1thste.nd those elsewhere even 'better.
The two cha.rts prepared by Professor W:.l_'l.'s.s.m Hise of Loms:.ana State Um.-
vers:.ty are a.nd.lcatwe of the re]at:.onsh:.p between des:.gn cha.racter1st1cs
and wave and wind cond:.tions.

A ma.;}or item to be cons:Ldered separately (and dea.lt with a.bove) is

design for seismlc 1oa.d:mg, but,as agreed by the pa.nellsts, this represents

at most a minor problem for exploratory dnlling.

* Mr. Allinder (Texaco) comments that "...wind velocity is not the only
environmental factor that enters into the designer's calculations”" and that
+os the petroleum industry has available to it the envirommental data and
technology required for safe rig design and will use the’ a.ppropne.te data for
the East Coast and the Gulf of Alsska."
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These remarks should not, however, be interpreted to encompass

hazards from drilling to environmental xesources, such as aquatic faune,

The hebitats differ, and the impact on livinz resources from discharges
by rigs may also differ., The panel did not deal with this, and the above
parameters do not include envirommental impact, but only safety. The
panel agreed on the need for backgz'amd or ba.éeline studles that could

usefully be done through govermment R&D.

7. Miscellaneous Technological AspectsZ/ 4

Two comments contained in the OU re'por‘b relating to the existence of
a "technoloéical ig.g" in U.S. drilling were taken up by the panel and put
in differént ;;;erépective by the industry. O'bhei's are dealt with in Mr,
Laborde's paper. ‘ ‘

(a) Subsea Systems. OU suggests that the USGS encourage the early
development and use of subsea systems, While agreeing that the technique
should be pursued, industry contérid‘éﬁthat (1) subsea systems are relevant
mostly to producticn and not to drilliné; (2) diver efficiency is rapidly
lost at depths below 500-600 feet; (3) the adverse impact on fislhing tends
to be greater than in the case of rigs;v and (%) boﬁto;n conditions are a
crucial element, thus making it difficult to generalize. OU panelists did
| not agree thet the adverse impacts on fishing ‘necessarilyvtend to be ‘greater;
“but in any event, -all panelists ag;eed that R&D is. indicated to i‘urther.

pursue the advantages and disadvantages of complete subsea systems.*

1

# In commenting on the draft of this report, Mr. Allinder (Texaco)
noted that "...it is largely the same companies and designers working in
the North Sea and the Gulf of Mexico. In fact, all of the subsea drilling
systems were develoved in the U.S. and almost all of the R&D on subsea
production systems is being conducted in the U.S. ... and conducted by
industry." ' ’
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(b) The OU analysts. cite small use of the turbodrill in the United
States as an indication of insufficient commnication with other techno-
logical conmmnitie's. Industry spokesmen point out that the turbodrill .
has been.cutmoded by the dynadrill, as the latter's rotational speed can
be controlled by varying the pump rate.

(c) - Use. of concrete. As another ei:arniale of lecking comminication
with other technologies, the UO analysts note the failure of U.S. opera~
tors to utilize concrete in .rigs, whereas concrete is used in North Sea
activities.

” Industry pa.nel:lsts retort tha.t first of all, onJ,y one concrete rig
is used in ‘the North Sea e.nd 'bhat s 1n genere.'!., wha.’c is new in the use of
concrete is its use in gravity structures, a point with which OU 'pa.nelis'ts
egree. Emp‘loyment in such manner depends heavily on the overa.'ll e;wiron-
ment, especially 'bottom conditions, and needs great care.¥ The discussion
on th:.s matter remained somewhat :.nconclus:.ve e.nd is covered here merely’
to ta.g the ma.tter for mrther cons:.dera’clon. (An ear]y Janua.ry 1971+ news
story reported tha’c a fourbh concrete productlon platform for North Sea .

service hed just been ordered, the first from a ‘British firm, )

t ’

8. C(Consensus, Dissent and Attitudes

Torsurmarize, the panel did not resolve & number of controversial
issues, but helped in identifying them clearly. Nor, however, did it
point to problems significant enough in the drilling phase to warrant

‘ 8
abstention from extending activities to new a.rea.s.-/ Excepting seismic

s

* Mr, Allinder comments further that soil conditions in the Gulf of
Mexico are "....not suitable for supporting the tremendous weight of a
concrete structure without piling" and polnts to the absence of deep water
near shore "... which is required to build and tow a deep draft .concrete
structure.,"
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conditions , barticipants did not point to A.lask.a and East Coast environ-
mental factors sufficiently different from those encouﬁtered in the Guf
. of Mexico and the North Sea to conjure up design problems not previously
solved. Indeed, some current design criteria might be conservative for
the East Coast or the Gulf of Alaska.

Much emphasis was put by all on aftightening..uﬁ of ‘regulatory activi-
ties, avoidance of agency overlaps or conflict, timely sorting out of
envirommental impact consideré.tions a.nd, ‘more genera.]ly,the establishment
of a regulatory framework that could be counted 0;1 to:preva.il fccr many years
and thus create certainty of conditions to be met Given the long lead time
in delivery of rigs-;-which may be used both here -and'-ai)roa.d and thus will
£i11 up order books from around the world--it was felt to be most important
that decisions be made rapidly and 61ea.r]y so as tb 4pemi-t advence planning
within permissible boundaries. | » |

While generally hostile tb inereased géveininent involvement, specifi-
cally in the matter of manpower development and sﬁ?erviéion, the industry
might reach an accommodation, it was suspected, if ‘sucil were needed to open
up additional areas for drilling and pi'oduction. A brief conference is
hardly adequate for forming a judgment . as to the flexibility on the attitudes
of either industry or publiec intefe/st groups. One could ﬁot, howéver, help
feeling that the worst way to reach aécémnodé.tion was for e'ach side to inform
the other that it spoke from ignorance. Yet much dialogse is of that kina.2
Obviouély, industry has a vast reservoir of lmcw;edée. .Equally'obvious is
the fact that its evaluation of risk/beh_ef_it relations, of damage to resources
external to its immediate facilities, and of time horlzons, differs from .

that reached by observers not in the industry. Finally, those arguing with
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the industry at times, and understandably, do not possess the specific
- technical expertise to "win the argument."” | '

In these circumstances, the sequence thgt prbceeds from identification
of issues to grounds for»disagreement té mechanics of resolution>seems to
point surely to a process of governmental involvement in which the pﬁblic
interest--or at least segments *bhgreof--is represented as one of the
providers of input, The fa:inel-whose deliberations are reported above is

& case in point.
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Footnotes

1/ The OU representatives stressed that drilling activities and equip-
ment should be viewed as an integrated man-machine system and that to
discuss mud monitoring in isolation was something of & false issue. They
stressed that the goal should be to improve the overall system and that onc
point in that system where the danger of a blowout can be detected is the
mud monitoring system, Being able to measure more accurately any sudden
loss of md or increase in downhole pressure, in fact, has been identified
by other mdustry spokesmen as a very important mprovement. '

_/ OU representatives a.gain stressed that one must view drilling as a
system, & man-machine system, and that in attempting to improve that system
you look for weak points. Industry data indicate that the human operator is
a weak link in the system. '"Consequently," they comment, "we would support
changes which would minimize opportunities for human errors to produce
catastrophic results. This doesn't mean that we would necesserily propose
that blowout preventors be closed automatically, In fact, there are times
vhen closing the preventors would be a mistake. Indeed, we find it dis-
concerting, as we indicated during our sessions, that one of the papers
prepared for the panel conveys the impression that the blowout preventors
are & cure-all and that closing the preventors is almost routine, This is
a step not taken lightly and one of the behavioral problems is that the
employee who decides to close the preventors takes an action which costs |
congiderable time and money. This can't help but influence his decision.”

3/ "We agree only that possibly both USGS and USCG, but certainly USGS,
have recently taken steps to improve their investigation and reporting of
equipment failures and accidents. The change is too recent to say that they
investigate and report with greatly improved efficiency.” (OU comment) -~

1_4/ In their comnents on the panel report, the OU representatives com-. .
mented that "it was the terminology which was not pressed by us at the penel
sessions. Regardless of what term is used, there is a lack of information
about the frequency of occurrences which could cause & blowout if mishandled.
These data are needed if drilling risks are to be accurately evaluated."

2/ According to comment recelved from the OU panelists, the point they
wished to make was different. 'What we identified as being suggestive,"
they say, "is the relationship between Det Norske Veritas and the Marine
Ministry. What is lacking so of'ten in the U.S. is this kind of relationship
between a regulatory agency and an independent (classification) society. If
we were to make s recommendation on this point, it would be that ocur regu-
latory agencies set performance and equipment standards recommended by
independent classification societies as backed up by their own in-house
expertise. Too often at present, the expertise is partisan. The ABS may
not be partisan, but their standards apparently are enforced by the private
insurance industry rather than by goverrment egencies.!



41,

é/ OU representatives comment that "the data presented in this format
can be misleading., These data are an inadequate description of the environ-
ments of the North Sea, Gulf of Mexico, Gulf of Alaska, and the Atlantic
Coast. TFor example, de51gns for the North Sea presumsbly respond to more
than just the conditions listed in the matrix: frequency of severe weather,
warning time, percentage of time of wave helghts above & set number of feet,
" etc. In this connection, see the technologies chapter in ocur North Sea

report, particularly the major section on environmental condltlons beginning,
on page 48, and our Table 3 on page 50." It is the rapporteur's "post-
mortem' judgment that, while the intent of these endeavors was in the right

. direction, the effort devoted to it within the framework of the conference
wes in no way sufficient to explore the subject, ,

Z/ Mr. Leborde comments as follows: "The material covered on this page
is of possible interest but has little bearing on the basic decisions to be
made, I think it merely underscores the fact that the OU group is not
competent to judge and recormend on technical matters not within their
persona.l experience or expertise. :

§/ In recommending wording changes in this report the OU representatives.
suggested the following phrasing: "Despite some disagreement on specific
improvements, panelists did agree that there are areas in which drilling
safety can be improved. And it was agreed that these improvements generally
do not have to be made as a prerequisite to further oil and gas development
on the outer continental shelf." _ :

9/ A case in point is the comment made by an industry spokesman, Mr.
La.borde 2 in his review of the panel report. Suggesting that the term
"public" not be used to collectively characterize the non-industry panel-
ists, he writes: "I would be happier if you could adopt some terminology
other than 'public' to characterize the views of the relatively small inter-
ests represented in the conference by the OU professors and the environ-
mentalists--your draft seems to imply weight to the opinions of the probably
less well informed latter groups equal to that of those who are in a better
position to know, a commendable democratic approach, but not one likely to
come to the correct conclusion in matters which depend upon fact rather than
consensus or philosophy.” ‘
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REPORT ON PANEL SESSIONS ON fRODUCTION TECHNOLOGY -
A o .
Frederick J, Wells
Resources for the Future, Inc,

1. Intfoaucﬁion

This panel discussed whether tﬁe producfion technologj for dffshpre
0il and gas prodﬁétion is, oi,could be ﬁade,'adeqﬁate for OCS.operations
in the Gulf of Alaska and the U.S. East Coast avess. In addition to the
background’réports by the National Aéademy of Engineering and the Univer-
| sitj of Oklahoma,_the study of the National Aeronautics and Space
Administration (NAE.A), "'Ap‘piicability of NASA Contract Quality Management
and Failure Mode Effect Analysis Proceﬁufes fo the USGS Outer Continental
Shelf 0il and Gas lLease ManagementvPrqgram," was also discussed. The two
papers directly.prepared for this panellwere: E.O, Bell, Mobil Oii
Corporation;‘"ﬁnvironméﬁtal Protection Technology in Offshore Petroleum
‘Completion/Production Operatidns," and C.C. Taylor, Exxon Company, "Status
of Completion/Productipn Techﬁology for the Gulf of Aiaska and the Atlantic
Coast Offshore PbtroleumVOPerations.f | |

The chai%man of the three seésions of the production technology panel
was Ira Dyer;. Iﬁ addition to thé-authors of the two papers presented,
authors of the NASA and University of Oklahoma studies, representatives of
the U.S, Geological Survey, Environmental Protection Agency, National Oceanic
and Atmospherié'Administration, Nationai Academy éf Sciences, environmentalisfs,
and other experts in the field were present. A list of panel participants is
ettached to the end of this reporﬁ.

It should also be noted that the panel:;/

(a) Did not address the questions of standards or criteria

‘for envirommental lmpact or accident avoidance. These
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questkions, while central to appropriate technological
solutions, require dats and deliberstions beyond the
scope of available dats and agreed-upon interpretations
(now often deteiling value-based decisions). But since
& solution cannot Be Judged without such a specification;
the panel adopted both current criteria and improvements
upon cm'rent_ criteria as benchmé.rks for judgments. The
pénel believes this to be coordinate with its charée.

(b) Did not assess the merits of any particular overall
design in OCS production technology, but rather attempted
to uncover limits, if any, to technology‘wifh respect to
constructed production facilities in the Alaska and East

Coest offshore areas.

2, Preliminary Statements

Before the chairman developed an a.greed-ﬁpon agenda, panel members
were encouraged to bring up any points they thought were relevant, f‘or
example, although it was agreed that existing 0CS operations in the Gulf
of Mexico had improved from an environ;nenta.l viexapoinﬁ--a.t least in part
due to USGS prodding=-the question' arose in response to the two panel papers
as to why it took the NASA report and other pressures to bring about these
improvements by the-industry and the OCS regulators, the USGS. That is,
if the indu'stry and USGS were doing as good & job as claimed, why was the
NASA study necessary? To this it was' stated that studies such as the N‘ASA' _
- report had helped improve the ﬁerforma.nce of the USGS and the industry. )
The reporﬁs of studies such as the one performed by NASA have i)rovided

focal points for further industrywide and USGS actions; thus bringing
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together the evffor‘bs; of a number of companies‘ which had been working
toward improvements in equipment such as subsurface safety valves, and

in operations (as indicated in more detail in the two pénel papers ).
Similarly, the indugtry was already engaged in building up records on
hardware failures although these records were not public, and not much
data had been teken prioflfo the NASA report. Op the one hand, theré‘was
concern expressed over the benefits of additic;nal government regulation of
OCS activities and, on the other, it was Argued that past spectacular
fires and spills (e.g., the Samta Barbara spill), although few in mmber,
have cha..nged the pubiic's attitude toward OCS operations and that induétry,
despite progress in this area, should recognize ;a.nd accommodate itself
even more to these concerns.g/ In particular, the wide variations in
performance among and within companies was cited ‘as a rationale for govern-
ment regulations to assure at least floor level performance.

The adequacy of the technology presentiy employed in U.S, operations
ves qu.ésti'oned as well., That foréigx_te\chnology ié often bette: in Pro=-
tecting the enviromment wes advanced as an argument in favor of requiring
higher standards. - Simlilarly, it was claimed that better subsurface safety
valves have been availeble for several years but are just now being
required in new OCS platforms. A counterclaim was made thaf.f these safety
valves were not rea.l.]y‘ avallable for s_;ﬁch applications. and thet there was
a lack of demonstrative need for & more relisble valve. It was srgued then
that a better valve could have-been deirelpp_ed earlier if there had been

/A -

A number of other short statements were made -(e.g., concerning low

interest .

level seeps and spills, heavy metals around the platforms, antitrust limi-

tations on industry cooperation, incentive programs, acteptable envirommentel
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damage levels, design criteria levels) before an agenda was set up, but
most of these comments can best be included within the discussion to

4

follow,

B. Agenda

The following agenda was established as & basis for discussiqn:
(a) Do we have adequate quantitativé descriptions of
' enviromment loads and conditions (e.g., sediment

fluidization, waves, ice, wind, currentis, earth-
quakes) as they affect operation‘and integrity of
ocs pfoduction facilities in the Gulf of Alaska and
off the East.Coast?

(b) In each major subsrea of production technology, and
for the same accident rates and environmental im- |
pacts now achieved in the Gulf of Mexico and else-
vwhere, are there technological solutions that are
. appropriate for Alasks and for the Fast Coagt?

(¢) 1In each, is there technological room to reduce the
accident rate or envirommental impact? That is,
vhich subareas, if any, are now saturated techno-
logically, or éoon to be?

(@) WVhat are the nontechnical factors that may be barriers
to the adoption pf adequate technology?

With reference to points (b).and (¢) in this agenda, the question of
what level of environmental production should be achieved was set aside.
It was agreed that this is a very important‘problem but one which could

have occupied the panel for & long time. The way out of this dilerma was
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to fﬁst set the existing levels of performance as the standard for the
new provinces '[pbint (b)] snd then [point (c)) ask if we could do .
"better"--"better" being unciefined.- ' : -

4. Quantitative Descriptions of
Environmental Conditions

As -far as platform desien criteria were concerned :[point (a.)]‘, the use
of Tigld or deéai;ed specifications was thought to be inappropriate;
indeed;' an Americé.n Petroleu?n Institute (API ) specifica.tibn for design of
offshore platforms does exist and is used.b‘y platform constructors.
_Ibcperience from existiné productiOn’ﬁlatfbrms and previcus losses has
increased expertise in underste.nding.wind and wave forces and bottom con-
ditions. There is some uncertain‘b& imposed b& tﬁe 1a.ci: of data on earth- }
quakes in the Gulf of Alﬁska. However, &].though it was not clear to
everyone thaf thé following conc;l{léion held jt;rué , it was sﬁggested that by
e_xtrapolating from California data it would appéar possible to build an
earthqua.ke-éa.fe’platform;* hcwevér, no probé.bility statements (such as
"this platform will survive the worst earbhqueke expected in a 100-year
period") could then be ma.de Data. on tsunamis in the Gulf of Alaska are
a.lso scanty but, in general tsunam.s on:w pose problems for platforms or
other structu.res on or near the shoré., In a.dd;’cion to uncertaint:es over
the appropnate design criteria for new 0OCS opera‘bions, there could also
be  some problem in deciding whether a particular design would meet any given
set of criteria. Aga.in, the USGS was urged to give proper attention tp the -

adequacy of all platform designs. The fact was brought out that the USGS

* See comment by CEQ consultant in the Drilling Panel report on the
applicability of Los Angeles area building codes for use in the Gulf of
Alaske (pp. 9-10).
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does review the design of platforms prior to installation in any given
location. The USGS was urged to continue special emphasis on such reviews,
including the use of the system analysis procedures being instituted. A
caution was also expressed that the public would nét be well served by a
program requiring platform over-design. A generally supported conclusion
of this discussion was that while some envirommental load conditions are
not clearly known and additiona) data would be useful, platforms can be
built in the new areas that can evidently meet the reasonable worst case
conditions, even after allowance for some disagreement over vhat "reason-

eble worst case conditions" might be.

5. Envirommental Quality Standards

Although, by means of framing points (b) and (c) appropriately, a
lengthy discussion on suitable environmental standards was avoided, some
brief céments were made on the subject. It was pointed ot that the status
of biological knowledge and undergta.ndjng was too low to quantify existing
background on baseline conditions, and, therefore, to judge impact; also,
that little was really known about the biological effects of oil spills
end seeps and other pollutants such.as heavy metals associated with OCS
production.z/ On the other hand, it was argued by/ industry that the impacts
in existing areas had been almost zero, and, indeed, fish catch had increased
in the area. ZEnvirommentalists strongly disputed the .a‘ssocia‘cion' between
rising fish catch a.nq_ 0CS operations in the Gulf of Mexico and ai‘gued thet
- these indusiry claims aré invelid because of the lack of data.é/ In any
event, since fish species and the ecology of the new areas may differ, the

- record for the Gulf of Mexico operations would not, it’ was suggested,

resolve the problem.
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The upshot of all this uncertainty is that many sta.hda.r;is are simply
figures "pulled out of the air,” based mainly on technological and cost
factors, and that these standards keep shifting as technology is'improved
with the result that it is difficwlt for OCS operators to keep up (but,
of .course, this improvement of technology was cited as & reason for main-
tainiﬁg flexible standards). Clearly, more information would be very

helpful in this area.

6. General Observations on Technology

. Under points (b) and (c)--and to some extent, point (d)--a number of
_genera.l.a.nd specific areas were discussed. Oﬁe observation v}as made that
thé costs would be gre_a.’cér for the product_ion platforms in the new areas,
especially off Alaska and thet sebting up the platform and laying pipe
would, because of storms, be more of & problem than in the Gulf of Mexico.
However, after a éla.tform was established, operstions, risks, ete, woﬁld
“be moré or less like those in the Gulf of Mexico. It -.was also pointed out |
>that within the industry, failure reporting and analysis sjrstems s 88
recoﬁnnendéd ‘by NASA, are being set up a.nﬁ are proving valusble in pre-
venting breakdowns of‘ safety and antipc_)]_'l.ution equipment.
7.b Safety Vé.lvés _ _ '

Speéific interest wé.s expressed in both suhsurfacé-controlled and

surface-controlled subsurface saféty valves. As well productivity and
pressures decline ’ sub‘surfacev—controlled vé.lves are not a.lways completely
satisfactory., The surface-c-:ontrolled subsurface safety valves‘norw being
installed on new pia.tforms upon ofdefs of the ﬁSGS a.ré evidently proving
more relisble, with more tha.rzl. a thousand valves now‘ in service., It was

pointed out that the API recently (November 1973) issued specifications
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covering design, manufacture, testing, installation and operation of sub-
surface safety valves .(surface- and subsurface-controlled)., Use of these
specifications by menufacturers and operators will be required by the
USGS. During the discussion the comment was made ‘_that issuance of these
specifica.‘cions is an extremely significant step in ensuring relisble
velves for all new offshore installations., Another area also undergoing
change 1is the measurement of pressures at the drilling bit. This is seen .
&8s an added device to avoid blowouts and appropriate equipment for this
has recently been successfully tested. In terms of additional blowout
prevention' and cdntrol devices, ;it was suggested that there ié & need for
continued efforts to improve downhole safety devices. One panelist urged
that as a last resort control device, positive-acting masterk subwaterline
valves--perhaps manually operated by scuba divers--be considered. Industry .
panelists argued that such valves would be another potential source for
oi]: lesks, that maintenance would be difficult and costly, and that such

installations could not be economically justified on past history.

8. Water Treatment

The separation of oil and water was discussed g.t length. -The existing
0CS average standard set by USGS is 50 parts per million (ppm) of oil in
the discharge water. This standard was criticized as being completely
arbitrary, having been set more with an eye towards OCS equipment cap-
ability rather than towards a desirable environmental standerd.. Further-
more, it now appears that EPA will become involved in this matter as well
as other environmmental aspects of OCS platforms such as heavy metals in the
water.Z/ The existing 50 ppm concentration standard for the disché.rge vater

is an average requirement, and the upper limit is 100 ppm. .
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Concentratidns consistently below 50 ppm have not yet been. achieved
in the OCS, althoﬁgh it ﬁés claimed that the lowest levels achieved in
OCS operations seem to occur where there is an incentive to clean thé water
for reinjection to stimuate oil pro&uétion.é/ of couwr se., one sblution
wcnﬁ.d be to reinject the water without removing any oil. A higher level
of separation mght also be achieved on the platform by improved equipment
such ag centrif.‘,ugal sepa.ra.fors; however, tests of these devices for this
parpose have evidently not been encoureging. Some opérators now pipe bo’c‘h’
oil and water to shore for sepa:ra.tion there, The lower .con(:env‘crations of
oil in water attainsble on land (i.e., 10 ppm) result from additional
space available for more equipment and fluid re:sidence time to effect
better oil-water sepe:ration. These techniéuesv could also be applied to
the Guif 6:(‘ Alaska and the Atlantic areas where, with respect to this sub-
ject, conditions could be better or worse than in the Gulf of Mexico and -
elsewhere. It was concluded "that the present technology for water treat-
ment is transfereble to the new areas and the Aexisﬁihg standards could
probably bé met. In addition, there are other techniques for improved

treatment that may be appropriate.”

'

9. Workover Operations and Platform Congestion |

Many of the faillu'es and spills result from well servicing and
workovér operations., Iﬁ turns out that this is'prima.rﬁily a human factors
probléem because the multiple qperation and separite contractors involved
can lead to higher levels of noise and confusion. Tt was assérted, how-

" ever, that servicing aﬁd workover operations can be performed safely if
such precaufions a.s‘ having a supervisor for each work team and hafring an '

emergency shutdown system control located in several areas are taken,
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This last toplc immediately ied to a discussion of the possible fire -
and overcrowding hazards from multiple well pla.ti:orms s especia.ll& since
multiple wells for each piatfoi'm may be expected for fhe relatively expen-
sive platforms to be built in the new -areas. A question was also raised
é.bout the hazards due to the fact that these new platforms were likely to
" have more enclosed operation areas. It was pointed out there was nc
inherent reason for these factors to sighiﬁcant]y increase the overall

environmental hazard 1eve1..2/

10. Chronic Leaks and Spills

Control of low level and chronic spills was also touched upon briefly.
It was claimed an ’analysis indigated that many minor spills eﬁdently
result from va.lye failures in the production system, but the use of sumps
and drip pans teﬁds to reduce these. At. present, much effort is being
dedicated to.eéta'blishing specifications for production systems with
. inéreasgd redundancy to ensure higher reliability and ‘ghereby minimize
minor spills. It wes also stated that the failure reporting systems
instalied by ma;ny companies had helped obtain useful information on valve
bpa.rt and other equiémen‘i; fna‘lf‘unctions. Similarly, RénD isb being carried out
noy on sand .erosion and erosion sensors. However, sand erosion may not be
much of a problgm in most of 1';he new provinces, Nevertheless, some pa.rtici-
pants feit »t{hat the area of chronic, low level leaks and spills is one that
reciuires more attention, especially 'as to the amounts of petrolewm that can

10/

At present, while the neviest plé.tfo‘ms are reported by the industry to

be lost before detection a.nd'the sensitivity of the sensors used.

be relatively "clean" as far.as lezks are concerned and have extensive

sensor Systemé in the production equipment, leaks are normally detected
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visually \by the platform personnel. Some- pllatforms‘ have computer con-
trolled systems and in these any melfunction is imediately. detected.
Control and sensor systems are under active imprévemeh’q and the criteria
for these systems, which must va.ry according;t.o }"l;he comﬁie:dty IOf‘ the
pa.rtimﬂ.alr situatior;‘, are evolving. USGS is ba.ctive in this area and ffsels

that sensor and control syétems sh&bld, a.nd cquld, be_in;i)zj_oireq.

. 'Struéturafl Aspects of Platform Integriﬂ'

The structural aspects of platforms algo -came under consi_dération.
Corrosion protection methods under the guida.nce of _cbrrosion “engineers
are evidéntly standard prac’;ice already e.nd sﬁ_oﬁid posé no special
structural problems off Alaska or the Atlantic’ coast. The metal fatigue
problem, which is more severe for aircraft tha.ﬁ for OCS platforms, is
also under cdltrol. . Thel‘condit_ions already expefience,d with platforms
in Cook Inlet (Alaska) and off Australia gixfe further assurance sbow
structural integrity for corditions the equal or worse of those in the
new areas. Possible problems with joints ofx platforms in deep water were
raised, vbu‘t joints are X—i-ayed and, according to the industry representatives,
are not expecfed to be a special consfra_int off Alaska and the Atlantie
Coast, Howevér, research on joints is being carried’ouvt.' Finally, the
"middy" sea floor conditions (sediment fluidization which has resulted in
the loss of a few platforms in the Mississippi Delta region) are not present

in the new areas.

12. Concrete Platforms

Borrowing from the North Sea e:@ei*iences, the use of concrete platforms
was exmninéd,, parﬁicula.rly for the Atlantic Coast areas. Some small con-

crete platforms have been ein'ployed in the Gulf of Mexico for sbout
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twenty-five years but only recently have larger ones been built for use

in the North Sea, so there has not been much relevant experience accumu-
latgd vet. On the other hgnd, new technological developments are
apparently not required for eoncrete platforms, altﬁough this opinion was
not universal The sea bottom in the Atlantlc is probably on average no
worse than that in the North Sea so bottom conditions would not be a‘con-
stra;nt. Earhgps‘the\most important constralnt would be the lack of deep
water pofts i;rwhich to build the concrete platforms. ' The earthquake
hazard iﬁ‘tﬁe'Gulf of Alaska might possibly pose some special probléms for
concrete platforms, but thefe.is not great interest in them yet for that

ared.

13, Subsea Wellg

Because of the ecohomics rather than the technology, extensive initial
use of subsea comple{ions (subsga wells in vwhich the well is placed on the
sea bottom) and other hybrid sygtems-fallingrbetween subsea wells and
ordinary platforms is not énticipated for Alaska and the Atlantic areas.
Underwater wells havé been successfully used at least ten years in thé Santa
Barbara channel., Other concepts are élso under test, Fixed platforms can
be established in water depths up to 600 or perhaps 1,000 feet. They are
preferred by some since contrél of thé well is much simpler. Leéks and

other problems are harder to detect and control in subsea completions.

Subsea wells re@uire servicing by ships and this increases the hazards
of collisions and accidents. ﬁhile‘earthquakes and other adverse con-
‘ditions tend to favor subsea wells, such conditions primafily make fixed
platforms more expensive but undersea-wellé do not, it is claimed, offer

eny inherent advantage for these problems. To some, the major attraction
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of subses wells is that a higher level of reliability must be designed into
them because of their automstic operation, At some time in the future
subsea wells might be used in conjunction with fixed platférms that are
erected‘in tﬂe-new areas. The preference for one type or another of well
seemé to hinge more on the,'reiative costs rather than any inherent techno-
logical advantages in environmental protection among the ﬁlternatives,

although, obviously, subsea completions would have fewef esthetic impacts.

1k, Nontechnical Barriers

The fourth item on the agenda~-the nonteéhniéal barriers to'the adoptibn
of adequﬁte techhalog&--seemed to elicit-more concern amohg several of the
panélists. COne érea of discussion ﬁas the adequacy of USGS regulation of J
the 0OCS. Aipanelist cited é Governmeﬁt Aceouhting Office report criticél
of the Geological Survey OCS regulation, "Report to the Consg;vation and
Natural Resources Subcommittee ch Governmént Operations, Houée of Repre=-
sentatives: Improved Inspectidn-and Regulation Qould Reduce the Possibiliti
of Oil Spills on the Outer Continental Shelf" (Report B-146333, June 29, 1973)..
The report'points out several shortcomingg of USGS regulétion of OCS opera-
_tions. The NASA report also made several1suggestions for improved USGS'
performance of its duties. Thioughout the sess;ons there were questions on
the e.deque.cy of the procedures employed by USGS.

.SeveraJ. people argued that more public involvert;ent in the regulation
of 0CS operations was necessary to avoid the appearance of "friendly”
regulation by USGS, However, it was countered that USGS and the industry
had reacted constructively to these various recommendatioﬁs aﬁd‘are actively
improving their performance. Indeed, the industry representatives questioned

whether the effectiveness of additional regulation is worth the cost'since,
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from their point of view, the industry is already achieving a highly com-
mendable record. ) ;

Although the technolégy may be quite adequate to achieve even higher
levels of environmental séfeguards in the new provinces, the human element
erea was identified as anéther important consideration or barrier in
obtaining fhese higher leéels. A number of specific problems such as
identifying valves, instailing valve shutoff indicators, reducing false
alarm levels on sensors, feducing noise and confusion on platforms, provid-
ing adequate supervision,iand overcoming worker resistance to new methods
were cited. It was stateé that the industry still responds more to defective
~equipment than to human féctor‘neéds.

Treining, especially%training with blowout simulators wes also indi-
cated és an area for imprévement although the industry is making substential
progress in this area. Névertheless, the traihing which personnel receive
inthe aireraft industry (é.g., a Boeing 747 simulator trainer) was claimed
to contrast sharply with ﬁhe blowout control training in the oil industry,
This question of governmeét licensing of workers and superviso;s of training

was argued but not resolvéd.

15, Panelists' Coécluding Comments

Near the ehd of the iast session the panelists were.encouragéd to sum=
marize their positions ahé bring up any édditional points they wished to.
The industry representati&es argued that‘the record of OCS oﬁerations is
one of solid accompli%hmeﬁts and that they have already made significant

improvements. On the basis of their past accomplishments they offered
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strong assurances'that they do have the capsbility to operate iﬁ the Gulf
of Alaska and the Atlantic:coastal areas. These are somewhat more remote
and difficult'areas but they pointed out that, five years ago Cenada, with
| less capﬁbility then, had successfully moved into these areas, While
admitting that the technology could be improved, the company panelists
‘statéd the OCS operations.arebbeéomihg &ver-regulated ahd over-degigned
© 80 that the costs of such “improvements" exceed the benefits and useful
ideas are being stifled. They asked how many USGS inspectors were needed
and cleimed that;additional numbers would likely be a wﬁste of resources.
Envirommentalists and some governmenﬁ agency representatives éenerally
agreed that the present technology could probably meet the existing
staﬁdards in the Atlantic and the Gulf of Alaskg but questioned whether
those.standafds were sufficient. 'Althoﬁgh they realized that the question
of appropriate environmental safeguards was not addressed in this panel, '
they argued that it is a critical point which wpuld depend upon obtaining
greater knowledgélof_the living resources in OCS areas, Thése panelists
agreed that the costs and benefits_of,regulétion and design safeguards
should be investigated but this involved looking more carefully at the
benefits, especially those external fo the industry, than has been done,
They algso stated that there is a great need to ﬁetter quantify the limits
of our techndlogy rather than to simply assume-itiis adequate. The question
ag posed is, how canlthe public be assured that existing techﬁoiogies are
sufficient if we do not know their limits? With reference to the GAO report,
they also stressed the need for better control of application and management
‘'of the technology, for better piﬁnning and for broader public involvement
‘in these processes., To avoid’stifling of initiative, they recommended

- Institutional changes which would introduce new ideas and expand the
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- perspective of the decvision meking in OCS operations (e.g., the improvements
rendered by the NASA study group from serospace industry engineering con-
cepts, )* In particuler ». they desired more active participation ‘by, and
inclusion of, private citizens, conservatimisfs , etc. in the government-
industry decision-making process. Specific additional areas they singled
out for more attention were the chronic leak and spill problems, improved
personnel training and possible worker certification, increased attention
to humen factors, and ‘analysis of onshore implicetions of the off'shore
industry.

The USGS representative stated that the main topics of importance
were covered by the meeting. Their primary technical problems are the
water-oil separation levels and difficulties resulting from workover
operations, They are adding staff to respond to various suggestions and
are improving their capabilities to regﬁ.’lﬁ.’ce 'a.nd inspect OCS o0il and gas
opera’cions_‘.

The NASA representative confirmed that industry and the USGS have taken
positive steps to implement NASA recommendations, He stated tha.t_ work must
continue, however, fo ensure that all companies par#icipéte in putting the
- new procedure into effect and to ensure that these procedures become g way
of life" for .:mture\ 0CS operations. y

Other panel mez;xbe_rs stressed a number of points in their concluding
remarks as well: The need for regulatory control does exist s 1f for no
oi;.her reason than the fact that while best practice in the j_ndustry is very

good it is not always used, so minimm levels of compliance should be enforced;

that the technology is adequaté now should not suffice for all time, and that

* A company represéntative responded by pointing out that an outside
advisory group has been set up to look into OCS operations.
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perhaps more R&D should 5e conducted; while the industry and USGS have
taken steps to improve opei"ajtions , there is still room for further improve-
merit so the govermment and public must maintain their ‘pr,essure. on the
industry, but without imposing too many edditicnal costs on these OCS
operations; that improvements in training and humen factors is probebly

af;l least as impoiit'a.nt,' if not more, than limprovemehts in. technology.

6.  Sumary

The f§].lown‘.ng sumary was drawn up by the chairman, with a few changes
madea.fter its "éi_rcula’cion among the panel members for comment.,

The panel addressed the following questions with respect to OCS pro-
ductic;n techhology: | ' |

(a) Do we have a.deqﬁa.te quantitetive descriptions of environ-
ment loads é.nd conditions (e.g., sediment fluidization,
waves ,‘ ’ice, wind, currents, earthquakes) as they affect
operation and integrity of OCS production facilities in
the Guilf of Alaska.! and off the East Coast?

| (6) In each maj§r suba.reé. of production technology, and for
the same accident rates and enviromnmental impa.cts now:
achieved, are there téchnological solutions that are
appropriate for Alaska and for the East Coast?

(¢) In ’each, is there technoldgica.l room to reduce the acci-
dent rate or environmental impact? That is, which subareas,
if eny, -are.now saturated t-echno]‘.ogicall,v,. ‘or soon to be?

(d') What are the nontechnical factors that may be barriers to

the adoption of adequate technology?
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The ﬁang;Lréached the following major conclusions:

(a)

(v)

(c)

With iespect to envirommental lo&ds, the panel found

that while some envirommental ponditions are not clearly
known, we can evidertly meet the "reasonable" worst case
conditions_through appropriate design and operation.l;/

Hence lack of precise knowledge of environmental con-

ditions, while otherwise desirable, is not a barrier

'to production activities in Alaska and/or the East

12/

With respect'to the transfer of technology to the new

Coast OCS.

areas, the panel considered as the most relevant to its
resﬁonsibilities the following:
== structures
. configuration
. materials and fabrication
. foundations

water treatment systems

safety valve systems

-- general sensor systems .
In each case the panel concluded thaF technological
solutions (glternatives) exist for t;ansrer to the new
arcas, These solutions Qre generally based on present
practice and do not include significant needs for
defeloping new technology.
With respect to meeting more stringgnt standards or

eriteria, the panel concluded that there is room for
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technological improvement, and that further develop~
ment towards this end may:either\be desired or
required.lé/
(d) With respect to nontechnical factors, the panel con=
" cluded that technology menagement coﬁld'be profitably
further developed. Thus

training
- quality control engineering
-~ human factors and man/machine engineering
== regulatory enginéering'

eould be imp:oved.'



62,
Fobtnotes

_/ To this list the Oklahoma University panellsts feel the follow1ng
item should be added:

(¢) Did not consider the effects of production activities
upon the regions' social structure and economy, nor
did it consider alternatives to presently used tech-
nologies which might reduce those impacts, This was
because the panel was instructed to restrict its dis-
cussion only to the technologles._

2/ €.C. Taylor of Exxon, in a written response, states that industry
_ "is recognizing and accommodating itself to these concerns." -

_g/ This paragreph has drawn criticism in written responses by panel
members. The two industry representatives make several points, They dis- .
pute the clsim that better subsurface safety valves have been aveilable for
several years and are just now being required in new OCS platforms. They
point out that surface-operated subsurface valves of various types have been
in service for many years in foreign operations (and much of this foreign
technology is the result of U.S. development); however, operations in the
Culf of Mexico experience much higher operating pressures, much lower flow
rates and sometimes excessive sand production and precluded utilization of
these valves without considerable design changes and metallurgical research;
including development work required to establish their reliability in small
tubing and in sand producing wells common to the Gulf of Mexico. The fact.
they were not used was not due to a lack of interest but due to the lack of
demonstrative need for & more relisble valve,

The Oklahoma University panelists suggest that there is an error in the
argument that foreign technology is inherently better than domestic technology.
Instead, the situation is that "Some of the European countries have developed
much better o0il spill contingency response structures than those used in the -
U.5. However, the technology can best be distinguished by age rather than
country; newer equipment is better and since the North Sea is brand new, its
technology is, too."

L/ £,0. Bell of Mcbil 0il suggests deletion of this entire paragreph
and goes on to point out that: "The inclusion of the item 'heavy metals
around the platforms' implies some authenticity to the claim, whereas to date

there has been no scientific ev1dence presented to substantzate such a state=-
ment.," ’

2/ See footnote &/eonceining heavy wetals,

_/ Barbara Heller, of the Environmental Policy Center, has filled out
this argument as follows: "Industry claims [of negligible impact on bio-
logical life due to existing Gulf of Mexico operations) were based on the
fact that menhaden have only in recent years been harvested in significant
commercial volume, and thus contribute to the industry's statistical data



63.

on [increasing] fish catch; that although equipment has been modernized
end effort has increased, shrimp catch per man has decreased; and that
industry claims are invalid because there is no base case biological data
available from the period before oil was developed in the G

7/ See footnote L/ concernmg hesvy metals.

_8_/ In written response E.QO. Bell states this sentence 1mpl1es that
if there was an incentive to reduce the oil discharge levels to ten parts-:
per million [the standard for land-based operations] that technology is
avallable to achieve this., I believe the industry panelists presented
sufficient evidence to refute this implication. The industry cleans the
water to the lowest level of oil possible whether it is to be returned to
the Gulf for: dlsposa.l or whether it going to ‘be remaected to stimulate oil
production,” ‘

g/ Barbara Heller comments that this point was not made clear. "In fact,
multiple wells [on a single platform] could result in serious environmental
damage and .danger to workers since there is no technology for determining
which well ona mlti-well platform.is.on fire,"

__/ c.C. Taylor states' that the amou.nt of petroleum that can be. lost
'before detection "is of small magnitude

_1_1/ Barba.ra Heller points out tha.t, a.lthoth we "can" evidently meet the
reasona'ble worst case conditions; we often do not.

1_2_/ Barbara Hener states' "I dlsagree--lack of knowledge of environ-
mental conditions should be a barrier to some production activities in some
parts of these new areas. Such knowledge is not merely "desirable" but
necessary if we are to maintain env-.xronmenta.l integrity while producmg off-
shore. »

- 13/ Wlth respect to summary points (b) and (c), as well as the cther con-
clus:.ons and the entire agenda of the production sessions, the Oklahoma
University panelists comment: "Our principal concern with the summary is
that it does not adequately recognize the limitations under which the panel
worked in looking only at production technology.  We think that the major
problems in development of the Gulf of Alaska &and East Coast OCS will be at
the many interfaces between the technologies end the rest of soclety rather
than within. the technologies per sa." o

In elaborating this point they argue that merely meet:.ng the existing
levels of acceident rates and envirommental protection in the new areas
[agenda point (b) and sumary point (b)] is not likely to be adequate.

For example, they point out that petroleum does not evaporate or disperse
as well as in the colder waters of the new areas, especially the Gulf of
Alaska, as in the Gulf of Mexlco. Merely to meet Gulf of Mexico standards
may not be at all-sufficient, therefore. Similarly, while the sight of oil
derricks offshore may have little effect on the residents on the Gulf of
Mexico, the tolerance for such platforms may be much less on New York's long
Island vhere heavy concen‘hratlons .of people are located. These realities
should have played a larger part in the discussions (e.g., more elaboration
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of subsea wells) even if some of the objections and constraints to OCS
operations in the new areas did not seem to be totally "rational" to all
panelists. That is to say, although technological improvements to improve
environmental standards were considered [agenda items (c) and (d) and
sumary items (c) and (d)], more attention should have been paid to these
issues with reference to the particular problems and public demands con-
fronted in the Gulf of Alaska and the Atlantic Coast.
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REPORT ON PANEL SESSTON ON OIL SPILLS AND CONTATNMENT
by
Peter H, Pearse
Resources for the Future, Ine.
1. Introduction .

The panel and participants in the session devoted tql'oil spill con-
trol over the Outer Continenta.l.Shelf (henceforth 0CS) represbented a wide
diversity of expertise and experience. The discussants had the benefit
of prior study of two up-fo-date papers which reviewed the state of the
art in the United States, the United Kingdom and elsewhere,* technological
reports of the Technology Assessment Group at the University of Oklahoma¥
and of the National Academy of Engineering;*** and other published informa-
tion, Additional data and illustrative material were presented during the
session. (Some of this materia.liis now on file at Resources for the Future.)
In the light of this background information and the direcf, knowledge of the
participants, the session attempted to assess the adequacy of known tech-
nology and procedures for coping with oil spills in the diversity of
conditions likely to be encountered in OCS areas off the United States.

 As is the case with all phases of oil and gas production, direct
experience with oll spills in OCS conditions is small in comparison with
the considerable experience in inshore =mreas. Moreover, mich of the rapidly-
developing technology for OCS operations has been derivéd from équipment

and precedures developed for inshore conditions adapted and modified to

* Cdr, W. E, Lehr, "Containment and Recovery Devices for 0il Spill
Cleanup Operations"; and P. G. Jeffery, "Status of 0il Spill Conta:mment
and Recovery in the U, K."

N

** Energy Under the Oceans, op.cit., end North Sea Oil and Geas,
op.cit.

#¥% Outer Continental Shelf Resource Development Safety, op.cit.
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accommodate the more‘rigorbus sea;'weathér and logistic conditions encount-
ered in offshore areas. As the following sumary suggests, considerable
progress has been made; but because of the relatiﬁely limited experience

- , ! . . .

4

with actual offshore operatidns, the obvioﬁs constraints on extensive
experimentation with oil spills, and the‘very wide range of posSible‘con-\
ditions with respect to KindS'of‘spills,"theif magnitude, sea and weather
conditions in offshore éreas,*some"uncértainties remain gbolt the efficacy
of cérﬁa{ﬁ'éb@fbééhésitdyéchtaiﬁment;‘cleanup and dispersion in OCS reéions»
and their environmentdl implications. Further résearch and development on
all Esﬁédtg”bf”thiS'problem is proceeding-at an impfessive-rate both in
the United ‘States and in northern Evrope. -
" ‘There is & general feeling among those who are éonéerned with oil
spilis_thai-jreventidﬁ‘is the real‘key“td"the spill problem (as distinet
- from dealing with accidents that occur). Improved controls, modification
‘of handling sjstems 'and general good housekeeping on oil production and
transport operations offer considerable scope.fér reducing the frequency
and volume of‘épills;' However, the panel recognized that these matters
' fell latgely under the purview of other working groups and, having emphasized
the importance of'breéentivé'meASﬁres; addressed itself to the préblem of

dealiig with ineviteble accidents.

2. Approaches to 0il Spill Control

When an oil spill occurs, the decision makers'facé en identifiable
variety of options for dealing with it. Present technology offers choice
among.the fpllqwingé :(g)lleavewit,‘(b) bufn.it;~(c) sink‘it, (d) contain
and remdveAit; and'(é) dispersé“it.‘ Eech of‘these approacpes.préSents its

peculiar problems, and no one of them is likely to be the best choice in
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&ll cases. In the following paragraphs the state of the art in each ;s
sumarized brigﬂy with & view toward establlishing the most promisin_g
approaches, our general ca.pacit& to cope with oil spills in OCS con-
ditions, the outstanding froblemé and remaining issues of professional

differences of opinion.,

(a) Leaving Spills

In some cases it would be e.ppropria.te to leave spills in offshore
waters, even though.the same spills would reqiij.i'e cleanup measures in
inshore areas. Small spills, which occur in rough’ seas under adverse
weather conditions, may pose little threat to sﬁoreline or maxine life.
These might well be left to bé eliminated by nai';ure;l processes qfturbu-._“,
lent dispersion and bicdegra.da.tion. 'it is worth ‘noting that recent stud.i_es
tend to suggest that the ecolpozical effects of oil in the marine environmentb
are not as severe as they were often believed to be. Tt should be noted
also that the feasibility of cleanup measures is :_‘often_ constrained by rough
'sea conditions and (pther things being equal) rbugh, vaters will enhance
natural dispersal processes and accelerate Siodégré.ciation of ‘611. Wethéf
a Spill warrants cleanup attempts must, of cbursie, ’ be decided ‘in the l'igﬁt
of its specisl circumstances, The remeining di.scuss'ion is addressed to

corrective measures that might be adopted.

(b) Burning

0il can be burned on the surface of the sea, but complete destruction
of an oil slick by this means is not usually possible. Moreover, burning
produces a pall of black smoke which raises addijtioné.l- ehviromnen‘bal con- |
cerns, There 1s some feeling that further research might demonstrate that

0il can be successfully burned if it is concentrated and if burning agents
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are added, It is possible tht the smoke problem might prove to be inconse-
quential in many offshore areas. Generally speaking, however, burning is
not now considered to be among the most promising approachés to oil spill

disposal, -

(c) nking

Oil can be ca.used to sink to the bottom by the addition.of special
sinking' a:gents.‘ ‘This p'roce's"s- presents a'mmber of problems R 'the'-mos’d ‘
gerious of which’ is that the" sunk ma.teria.l does ‘not remain stable at the
bet'com. . ‘Tests in’ Holla.nd and- elsewhere indicate that the sunk materidl is
, likely’f:‘td move' both horizontally and vertically under the influence of
currents and wave action. - Tiius sinking is also considered to be among the

less promising approaches for e;feetiveiy dealing with oil spills.

(d) Physica.l Removal

| Where the oil can 'be physica.lly recovered from the sea, this e.pproach
1s generally preferred eu-environmenta.l grounds. Success is very much a
t}mct;’.op of ‘sea-sta'ee,. And ﬁhiie this will often--probably usually--be
poe_sib,le wif.h availsble equipmene_, it will nevertheless be‘ inpossible more
of_ted,in ofPshore cohditioﬁs tha‘.n‘inshore vhere considerable experience has
already been ‘.gained with' these techniques and where less severe ses condi-
- tions usually exist. - 1_ | » _ | |
Prysical recovery requires a device -to contain and concentrate the oil
and equipment to pick it up (it also requires, of course, a good deal of
encillery equipment to store, transport and dispose of the oil and s variety
of suppor# facilities). Hﬁhdreﬁs of devices fo} eonta.ining and removing oil

have been developed or proposed. in the United States and elsewhere in recent
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.years. Some of these have been shown to function effectively in conditions
commqniy encountered in inshore waters, and a much smaller few have been
demonstrated to perform in more demanding conditions typical of OCS waters.}/
In the United States, heavy emphasis has been placed on the development of
mechanical containment and recovery techhiques‘(as opposed to chemical
dispersal-~see below) although considerable research and development has
taken place in Britain, France‘and elsevhere as well.

The most promising devices for containing ané concentratiné oil cons. .
sist of floating mechanical barriers towed or anchored; sometimes on
drifting sea anchors, The:BP multiple tube barrier, the Exxon bottom
‘tension float and skirt barrier, the Coast Guard's fenée boom, and the
so-called Navy Boom have all demonstrated considerable success, although
each has its own shortecomings and limitations.* Majof difficulties lie in
designing devices sufficiently strong to withstand(heavy stress yet flex-
ible‘engugh to conform to the surface'éf rough water, and at relative speeds
slow enoﬁgh to avoid escape of the oll under or over the barrier. C(Certain
configurations of winds and currents create severe difficulties in main-
taining the required position, shape and gpéed of the barrier relative to
the oil slick. ' L

The most promising recovery systems under development include the weir
skimmers of Ocean Systems and Clean Seas Corporations, the lLockheed disc
boom produced under Coast Guard contract, the inclined,plané, the French
vortex dévice and the BPktdroidal rotating‘aisc skim@ér. ‘Theée vary‘con-
sideraﬂly in capacit& and other charactéristics. fhere.is also a variety

of sorbent systems: +traditionally straw was broadeast to soak up oil for .

* For a review of these devices, see Lehr, oglcit.
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subsequent recovery a.nd, disposal, but {this presents serious difficu_lties
for cleanup. More recently, systems émploying recoverable and reusesble
'polyuz-ethane foam have ;oeen developed for this process, aﬁd another

. approach invoives a continuous sorbent belt mounted on a vessel to
retrieve the. oil' -The efficiency of sorbent systems varies considerably
with different types of oil, hcwever.

In sxmnna.ry, the effectiveness of mecha.nlca.l contalnment and recovery
systems are very much a function of environmental conditions., Existing
dévice;e, éa.n, in general; perforn adequately in seas of 5- to 6-foot é.:tg- |
nificant wave height:, wiﬁds of 15 to 20 knots, a.nd' cﬁxrenté not exceeding
1-1/2 ¥nots. In OCS regions of the United States such conditions are not
exceeded most (perhaps 80 kpercent) of the tiﬁe, but a.‘ significant propor-
tion of the time they are. It 1s possible that accidents mey be more likely
at such t:.mes.-/ Moreover, certa.m patterhs of winds and waves interfere
with the efficiency of mechanical devices. In some sea conditions it is
almost impossible to maintain the relative speed between floating equipment | |
é.nd the water at a slow enoﬁgh rate., Thus, while these mechanical techniques

~ are likely to prove ‘effective in moéﬁ ‘0C3' conditions, present technology does
not ensure 'bhg-ir éucces‘s in all circumstances; Further research and develop-

ment’ 1is needed, and some is continuing, in this area.

(e) Dispersants

Chemica.l ‘dispersa'.nts have beven used e};'tensively :.n the United Kingdom,
the Persian Gu.li‘ a.nd elsewhere ‘bo el:.mna.te oil spills. This approa.ch has
the distinct a.dva.ntage that i'b can be used in rough water--as long as the
sea is even ne.vigable.- There is no doubt that chemical emulmﬁers are

effective in‘diszl)ersing oil, Highly guccessi‘ul dispersal technigues have
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been developed and used in rough waters of the North Sea where mechanical
recovery methods can not be used.
The main epprehension about chemical disnersal concerns its ecologicall

impact, 1In the United States, particulaxly, there has been a reluctance |
"to adopt this,x_nethod because of remaining uncerta‘.inﬁies a.b‘o.ut the toxic
effects on ocean biota of dispersants and dispersants mixed with oil.

In the United Kingdom, on the q‘&her h‘a.nd,, the use of dispersants ié .a.
favored approach, and there is considerable evidence tha.t, the impa.cfc?f
dispersants, properly used, on the mar:u_me‘ enw':_on_x_nen@ is less thap many
pedple have hitherto believed.* Certainl;; the more recently developed
chemical dispersants are very significantly less _jtoxic then earlier type_s
(such as used in the Torrey Canyon spill). Tt is reported that even in
areas where dispersants are used regularly to deal with recurrent spills
(such as Milford Haven) there is little evidence of significant and lasting
ecological damage.

3. Recovery vs. Dispersal

There is no doubt that professional opinion continues to differ about
the ecologically damaging impact of chemical dlspersants, and there is
generally more apprehension gbout their effects in the United States than
in the Um;.ted Kingdom vhere they :ha.v'e been used extensively. The concerh
in the United States centers on the lack of sufficient scientific knowledge
about the long-term chemical and biological processes thatbtake place and
the toxic effects not only of the chemicals used'bu’d also of the chemical

mixed with oil and of dispersed 0il droplets.

* See Jeffery, og.éit.
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Nevertheless, it is generally recognized that, in view of the
present'lipltations of mechanical techpiquké,.cheﬁical dispereiop'some-
A“times offere the enlvialteihative:to leavlng tﬁe epill uhcentrolled.
There is wide‘agreementfthat if spilled oil can be physically recovered
and safely aiepdsed'of"thie'isvto be preferfed, because it removes all
straiﬁs"onlthe deean'ecoé&tteﬁ}f But physical recovery techniques are
limited by the sea and weather condltions that prevall and 1n rough
conditions the equlpment falls and men cannot work in small craft. 3/

. TheSe;sea and weather~pqnditlons do not‘constreln the use of
‘disjersal techniduesgl beeover,'chemicai dispersal systems are

exceedingly flexible in dealing with spills of widely ranging magnitude,
whereas mechanical recovery equipmehtihee necessarily a less flexible |
caﬁecity.&/' '

It ie'generallv'acinGWiedge&,’eleo, that~the'hitherto'strong aversion
in the Uhited States to the use of chemicel dispersants.is probably
unaustif1ed While some concern remains about their ecologlcal 1mpact
their use is often llkely to be preferable to the alternative of leav1ng
spilled oil on the sea where phys1cal recovery cannot be accompllshed.

This is not to suggest of course, that chemlcal dlspersants ‘should
be'used generally Even the strongest advocates of dlspersants recognize
that there Wlll be situatlons of speclal.ecologlcal sensitivity where they
shuuld be avoided, and each case must be considered in the light of its
particular elreumstences and‘the_alternatives available.

vIn short, there is some consensus that ; more flexible stance toward
vthe use of the less toxic. chemical dlspersants--carefully and judiciously

applied--ls deS1rable in the United States.' Dispersants offer a promising

means, indeed the only means, of dealing with oil spills that cannot be
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physically recovered, and as such, they have an important role to play

in a comprehensive and integrated program for oil spill control.

4, Research and Development Needs

Continuing research and development will undodbtedly improve our

capability in dealing with oil spills in offshore areas.é/ It is the

opinion of the participants in the session tﬁat'speciél-éffort should

be directed to the following:

(a)

(b)

The movement and trajectory of oil on the surface of the
sea under various weather and ocean conditions. A greater
understanding of this problem is necessary for efficient

6/

is the need for careful inventorying of sensitive shorelines

planning and deployment of control methods.™ A related issue

and marine waters, so that appropriate measures can be
quickly identified in the event of a spill.Z/

The chemical and biological processes that take place when

" 0il 1s added to the marine environment, and when dispersants

are added and mixed with oil, Further study of these proe-
esses is essential to an adequate understanding of the .
impact of these materiels and hence also to an informed
prescription of the best control technique.

The behavior of containment and recovery devices in widely
ranging sea and weather coqditions. In particular, there
is @ need to develop devices (perhaps unmanned) capable of
operating effectively in cold climates, fast currents, and
heavy seas. There is an urgent need, also, for tow vessels
capable of mgintaining steerage and control at'very low

speed.
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Particularly important ig the need to experiment and test

various devices with spills in varying conditions. Exper-

{ence is qritiéal and should be obtained as quickly as

. possiblé with adequate safeguards through experimental

(e)

spills, = .

-Similarly, devices are required:for dealing with spills -

that range widelyfin vblﬁme. Different measures, for
example, are rgquiredvfdr'dealing with small spills and
legks that are: common  around oii operations than are

appropriate fof largesspills at sea.g/ In addition, there

. is a need for Sﬁbstantially improved preplanning and -

. response capabiiity'that can cope with a wide variety of

(£)

Further development of nontoxic dispersants.

apilié and‘leaks.g/ o

10/

have improvéd,considerably in rgégnt years, .and further

Dispersants

_ development. of innocuous emlsifiers is likely to relieve

mﬁch of‘the»contihuing,concern‘about their ecological

effects on the ocean environment.
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Footnotes

1/ Mr. Berry (Shell Oil Company) advised that these techniques are
- already being used on the OCS and that several cooperative organizations
stockpile and use the equipment routinely when needed.

2/ Mr. Salomon (Atomic Energy Commission) suggested that the various
0CS regions have environmental conditions that vary considersbly, with the
most severe being in the Gulf of Alaska and the Pacific coast, followed
by the Atlantic and Gulf coasts, In place of an 80 percent time for wh:.ch
the stated sea conditions are not exceeded he proposes that 60 percént -
would be more accurate.

Mr. Berry commented that expenence to date does not confirm tha.t ‘
accidents are more likely to occur whén the boundary conditions are ex- -
ceeded for containment systems. Mr. Golay (Chevron 0il Company) concu.rs
and had suggested that the sentence be deleted. :

3/ Commander Iehr of the Coast Guard disagrees with the statement that
in rough seas the equipment fails a.nd men cannot work in small cre.ft

4/ Commander Iehr is not connnced of the flexibility of chemical d.:.s-
persants as described in this sentence, nor does he agree with some of thé
lenguage in the next three paragraphs where optimism is expressed over the
use of chemical dispersants, -

5/ Mr, Jeffery (Warren Springs Laboratory) suggests that an Item (g) be -
added that reflects the need for pla.nm_ng a logistic and response cap-
sbility in advance of spills.

§/ Mr, Berry believes that this type of information is of little value -
in handling an actual spill but is extremely valuable in planning for
optimum site locations (for superports, etc.), so that locations can be
selected that will result in minimm env1ronmenta.l demage in the event of
a spill,

7/ Mr. Berry comments that this and the thought expressed in the last
sentence of reconmendation (f) [p. 10] ere not really R&D needs but shou.ld
" be included as vart of any oil spill contingency plan,

y Mr. Berry suggests that there is little difference, other than scale,
between devices applicable for handling large and small spills.

9/ See footnote Z/

_/ Mr., Golay empha.sizes that the greatest potentla.l for cleanup is the
development of nontoxic dispersants.
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REPORT ON PANEL SESSION ON TRANSPORT AND STORAGE 7

by
Joel Darmstadter ‘
Resources for the Future, Inc,
In & single--and, in retrospect, perhaps too brief--session, this
panel addressed itself to the adequacy of technology for‘offshore pipe-
line transport and storage and, in a more cursory‘treétment, to related
ecgpom;c_and,epyixpnmental questions. '(S;nce,there islpow and prospectively
only vnegii_.gib;e tanker shipment .of petroleum from 0CS producing areas; :
that topic, being paxt of the more»general_hazards of ocean transport, .was .
excluded from special consideration here.) |
Broadly sﬁeé.king, the authors of the two background papers* both
expressed & strong conviction that most existing.pipeiiﬁé‘and trensport
technologies (especislly the former) have demonstrated their overall ii‘nteg-
rity in such diverse geographic settingsias the Gulf of Mexico, offshore
California, Cook Inlet, Persian Gulf and North Sea; and that, théref&re,
these technologies, either "token off.ﬁhe, shelf" or "scaled up," are
a.ppliéable or adaptable to conditions which may be encbuntered in 'sudh
newer OCS regions as the Gulf of Alaska and the U.S. East'Coast.l/ g/
| Confidence ithhe trénsferability of prevailing techﬁologyzapplies par-
ticularly‘to pipeline constructlon and operation since that, rather than
storage andrtahkérége, has been the overwhelﬁing mode of hahdling 0CS oil
and gas production in U.S. watérs.éf chwefer, experience with majbr off-
shore étqragetfédilitiés hes in,recent yeérs been gaiﬁéﬁ in the Persian Gulf
end, to a far lessér extent, the North Sea and Indonesian wéﬁer;r A variety
of physical‘and economic‘factors,were.cifed as determining'the relative vir-

' tues of pipelining vs. storage and shipping; e.g., size qﬁd t&pe of field,

* D, E, Broussard, "A Review of Offshore Pipeline Transport and Storage
Technology," and W. E. Pieper, "Construction of 0il and Gas Pipelines and
0il Storage Facilities on the Outer Continental Shelf.
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distance from shore, depth of water, availability of onshore market and/or
transhipping facilities, ’ca.pability of subma.rine plpela.yiné‘ equipment, and
sea conditions.-j It is likely that, :Ln the light of these criteria, the
use of particulsr transporta.tion alternati#es will be continuously re-
evaluated; conceivably, the fu.ture ‘balance of advantage will not lie as
one-sidedly with pipel:lning a.s in the past.

"It may be useful to reca.pitulate, in ‘the most coﬁb’fessed‘fashion, the
prineipai conclusions reached in the two prepared papers and in oral com-
ments by their authiors at the panel discussion: -

Mr. Pieper (of Brown and Root) observed that repair and maintenance
of submarine pipelines are a more formidable task than land pipe-
1ines and can be more difficult and expensive than their original
underses installation. Consequently, higher standards and more
‘rigorous inspection procedures apply. The offshore pipeline con- °
struction industry presently has & demonstrated ability to lay 32-
inch diameter pipe in 420 feet of water and a presumed ability to
do so at depths of 600 feet, § _j Engineering modificesions and
© improvements are thought likely to permit laying large diameter
pipe at 900 feet and to permit trenching at 500 feet. 6/ The North -
‘Sea is the principal testirng ground for these developments. While
commenting on the need for technological improvements aimed at
expediting the pipelaying process and welding of joints, the
euthor did not ldentify such desirable advances as necessary environ-
mental safeguards or as a constraint on the feasibility of proceeding
with deeper OCS development,

Mr, Broussard (of Shell Development Co.) underscored what, in his view,
is an exceedingly attractive safety record both in the case of onshore
and offshore pipelines. 2’/ Since damage from external equipment is an

- important cause of all pipeline failures which do occur, offshore lines
are far less susceptible to this danger. Pipe corrosion is conceded

to be another potential source of failure. For this reason special
emphesis has been given to the design and construction of corrosion
mitigation systems for offshore pipeline. ‘The absence of corrosion
problems on systems built in recent years has demonstrated the effec-
tiveness of these techniques. The author is encouraged by the fact
that "frequency of failures attributable to defective pipe, defective
pipe seams and to defective welding is very low, especlally for pipe-
line systems installed since 1960." 8/ The author generally concurs
with the National Academy of Engineering's evaluation, though he feels
the NAE underrates the extent of ceoperative industry research activity.

- He is more critical of the University of Oklahoma's indictment--unjusti-
fied in his view-~of pipeline systems as a major source of chronic.
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offshore pollution and of the consequent Oklshoma recommendation:
for much more extensive detection and monitoring routines. The
author characterizes this as an economically burdensome solution
stemming from an erroneous interpretation of Coast Guard oil spill
data., The author reported that his check with the source of the
data found that very few oil spill incidents were attributable to
pipeline transportation facilities. The Oklahoms report is also
fanlted for failing to see that the forced use of multi-phase oil-
gas pipelines, which it supports as an economizing measure, actually
represents a diseconcmy. 2/ The author supports the Cklahoma call
for more extensive research into the environmental planning for the

bringing of pipelines ashore. 10/ o o

As fhote‘d,l‘th‘é‘ Oklshoma study contention that offshore pipelines were
a major source of offshore pollution was not accepted; and, in the course
of the surroxmdmg discussion, it became apparent that interpretation of -
data on offshore spillage is seriously impaired by gross deficiencies in
statistical reporting systems. The question of data relisbility and
reporting systems led logically to a discussion by the panel of jurisdie-
tional responsibility over, and definitions of, offshore pipeline systems;
and in this regard nearly all those present seemed to agree to the fact that
we now have & barely worksble and jurisdictionally highly fragmented accident
reporting system. The ultimate sbsurdity of this situation is illustrated by
the anomaly; in the case of multi-phase oil-gas pipelines, of the Federal
Power Commission having responsibility for the natural gas flow and having
only very limited legal mandate over the oil.

| Turning to some of the technié&‘l. issues, ‘the industry experts at the

session reflected an overall Judgment that the variety of weather and seismic
experiences in the producing provinces of the (mi‘ of Mexico, North Sea,
offshore California, and Cook Inlet provide the industry with reassurance in
being gble to -cépe with problems which may be encountered in the Gulf of

Alaska and Atlantic oc':s.g-/
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There was a‘good deal of diseussion concerning trenching techniques.
Clea.rly, there are some sticky problems--e g., disposition of spoils when
'bringing lines ashore in coastal industria.l a.nd populated zones where
pipeline le.ying may cause a dispereion of otherwise set‘bled industrial
pollutants ; and insuring the.t pipelines remain. buried and secure. The
former problem is sure. t0 a.rise when pipelines to, say, I.ong Island e.nd
Virginis are contempla.‘bed. But the pe.nel seemed to find this a problem
‘not so much of fbeqhnolog_y a8 ,one of Juri_sdict_ion, la.nd—_use, ple.nning, ‘and
overall nanagemeni decisions. An -'a.ppropria.te xsonitoi'ing of i:genching
activities is also vin order. A genefalized conclusion emerged i‘rom this
particular aspect of the deliberations e.s well as from other parts of the
discussion: s 'bndging of .ju:risdict:.ona.l dem&rcation lines among various
federal and sub-national a.ge,ncies‘, having supervisory responsibility over
"diffe:ent aspects of pipeline. and terminal operations' but vhich _pi'ovides-
for adequate represeni;e.eion of all interests i.nvolved,-’ is. absolutely; vital.y

Industry representstives seem disinclined to perceive an increased
-envirormental risk as pipelines are le.id a.t g-eater depths; instea.d, they
emphasize the far greater fina.ncia.l investment--hence inducement for
enhanced se.fegtmrds--under those ‘conditionsegj Pipelaying at & deptll of
900 feet, as already mentioned, }éas Judged .’feasible.v For & time, diver
capability was seen as a limiting fe.ctor in deep sea development but today,
this is no longer felt to be the case. (However, the topic of -diver depth
constre.ints and the question of remaining R&D tasks were not pursued by the
panel,)

There was some discussion emong the panelists of stora.ge a.nd tanker

transport where distance and other economic (and possibly env-ironmental)
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factors pointed to that as the preferred means of bringing oil ashore.
The permanent, bottom-founded offshore storage structures (as in the
Persian Culf and Ekofisk; field of the North Sea) are not acceptable in
| the Gulf of Alaska because of seismic risks. Here, thére would have to
be floating structures ,‘whose design features--to safeguard against rup-
ture and potentially serious spillage-~could include compartmentalization
and double hulls (i. e., essentially the same protective features appropriate
to tankers). 14/ Partly because of transport economics, storage was pictureq
as an option more likely to be exergised in the Gulf of Ala.ska. than the
. Atlantic 0CS, but pipelines to shore should not be ruled out in the Guif
of Alaska. - |

It may be hazardous to depict the emergence of a panel consensus, The
relative shortness of time for discussion, possible skewness in affilisations,
reticence by some panelists, etc., a.rgue. aga.iﬁst 8 statement of a clear-cut .
majority vievmoint. That he.ving been sald, it does seem that the d:.scussion
pointed to pipelining and s’corage in the Gulf of Alaska and A'tla.ntlc 0CsS
as posing & technologically manageable set of problems, although there are
‘clearly some bothersome issue_s--esbecially those of jurisdietion, planning

and management,. environmental safeguards, and monitoring.
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Footnotes =~

1/ Mr. Hallman (Center for Law and Social Policy) makes three genera.l )
observations with respect to the two background papers

(a) He feels that neither paper addressed itself sufficiently -
rigorously to environmental problems. Whether, in the
- adaptation of existing experience to the newer OCS areas;
one is apt to confront a greater or less environmenta.l
risk " is just not clear,

(b) A-clearer distinction' should be made between the transfer- == " -
gbility of prior pipeline experience, on the one hand;-and v
- gtorage experienée,on the other. In‘this connection, M¢, " ' ©°
Hallman expresses doubt, for example, on the relevance of
. floating storege tank experience in the Persién Gu.lf an
area of llt’cle turbulence.

(c) He feels that undue reliance is 'being placed upon "aJ_'Leged

) experience” in the North Sea and Cook Inlet. This provides a - -
very limited operating record which, he believes , does not
"werrant a sense of -complacency.

© 2/ The OU group comments: "We do not understand the meaning of *
‘demonstrated their overall integrity.' We believe that the pipeline tech-
nologies are adequate, and can be adapted to conditions elsewheré; but the
lack of a systematic accident reporting procedure precludes the use of the
term 'demonstrated' as this information is only available for restricted
elements of the pipeline system. Accidents with mejor trunk pipelines have
resulted in breaks that have released more oil than blowouts, and gathering
lines have hundreds of leaks per year. Importantly too, old pipelines can
be expected to increase their frequency of lesks. The issues should be cast
in terms of esteblishing a reporting system to demonstrate scmething, and to
improve safety and inspection procedures to deal with increased depth, old
pipe, ete." In addition, OU questions whether problems'might not be ex-
pected in new areas when dealing with specific bottom conditions--esrthquake

-hazards and ice conditions, for example.

.3/ OU comments that "the level of confidence in the tranferability is
relative to the safety record." Believing this record to be "spotty," they
would have preferred to have seen this paragravh cast in terms of the "level
of confidence" rather than an absolute degree of confidence,

L/ Mr, Hallman would like to ha.ve seen some discussion of the economic-
environmental tradeoffs of a small number of large-throughput pipeline
systems vs. a large network of low-throughput systems. Mr. Broussard touched
‘briefly on the virtues of large-throughput systems in his background paper.
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5/ OU comments: "Mr, Pieper is probably referring to the pipeline to
the Forties field in his reference to the 32 inch, 420 foot depth line.
Severe problems have been encountered, While the liné will be successfully
1aid, it has run into extensive delays due to' the water depth and weather
conditions. Based upon the difficulties encountered in the Forties field,
*laying large dlameter pipe at 900 feet' will be an engineering challenge
of significa.nt magnitude."”

6/ Mr. Hallman wonders whether this optimism regarding pipelaying st
grester depths is justified. He recalls Mr. Pieper's statements--in his
owh peper=--that one "of the problems with high tension forces is the .
increased possibility of damage to pipe coatings., Another problem is the
increased loading on the large anchoring system. These are problems that
mist be contended with as pipeline construction moves into deeper water,"

1/ OU states that "the safety record is a more complex issue tha.n this
reference mdica.tes. Due to safety problems with pipelines, the Office of
Pipeline Safety was established in'1968. But this agency is underfunded
and understaffed (see pages 193-200 of Energy Under the Oceans) and only
has limited OCS jurisdiction. Different agencies have different reporting
eriteria. Mr. Broussard's paper in general restricts its attention to trunk
pipelines, but the OCS hydrocarbon transportation system is a vast complex

"array of trunklines, flowlines-and gathering lines, and many of the latter
move hydrocarbons dozens of miles to a sales point (see Tables 1l and 26,
pages 19 and 292 in Ener@ Under the Oceans, and note footnote e: perhaps
thousands of miles of pipe are not systematically accounted for)."

§/ Mr. Hallman 'believes that Mr. Broussard relies too much, and inappro-
priately, on overland pipeline se.fety statistics,

9/ The OU group remarks- "In reference to Mr, Broussard's comment on
multiphase pipelines , see-page 125 of Energy Under the Oceans, we observe
that 'it is not certain that a satisfactory multiphase pumping capability,
will be evailable within the next fif'teen years.' Several companies have
been investigating multiphase flow, ineluding lr. Broussard's own company,
the Shell 0il Compeny,"

. 1_0/ Mr, Hallman belleves that the swmeary of this paper should Heve
included a reference to (a) Mr. Broussard's judgment that careful land-use
planning and management, as well as increased efforts to develop baseline
scientific ahd engineering data are necessary to protect against environ-
mental damage in the cdastal zone; and (b) Mr. Broussard's endorsement of
eontinued R&D efforts to develop solutions to problems unique to offshore
gystems in the Arctic¢ region, +o develop improved methods for monitoring
external and internal corrosion of offshore pipelines, and to develop
improved pipeline repair technigues.

Mr. Hallman believes that there was inadequate discussion or analysis
of the physical, -envirommental, or economic problems which may be encountered
in the newer exploration areas; thus, it is impossible, he feels, to draw
any firm conclusion (as a result of this panel's deliberations) about how
rigks arising unique to the newer areas can be managed by presently avail-
able ‘technology.
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, 12/ A general comment by the OU group: "We would like to see an
emphasis on dealing with pipelines as a system, from the well-head to
_shore and beyond. In this manner, technical, safety, economic and .
“environmental issues can focus on the overal_‘l. transportation. problem.
The establishment of a pipeline network will be the significent issue
in the new OCS areas, espec:.a.‘l.ly how this network of gathering, flow
and trunklines interfaces with la.nd-use, leasing, autcme.ted monitoring
systems and an overa.ll jurisdictional res ponsib:.l:.ty. ‘ ' v

13/ - jir. Hallman observes that increasgd financisl investment may
also be & dis:.ncentwc to deal with epvivonmental and sgfety problems.
He feels that financial considerations cannot replace the need for ca.re- .
ful and rlgorous regu.latlon of ocs develoment to insure environmental '
protect:.on. . L B T

L _13/ Mr. Hallman cautions about the anplicabilxty of experience with
1float1ng structures in such protected or. calm waters as the Persia.n ‘Gulf
to the more hostlle oceanic conditiohs of the Gulf of Ala.ska.. He feels
tha.t ‘more re»ea.rch a.nd testlng are h:.ghly desxra.ble. e
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SUPPLEMENTAL COMMENTS ON THE REPORT OF
THE PANEL ON OIL SPILLS AND CONTAINMENT

The report of the Panel on 0il Spills and
Containment generally gives a very erroneous impression
of the discussions on the effects of oil and on the use
of oil spill dispersants as a tool to combat oil spills,
Further, the report then makes an assessment of U.S.
policy towards the use of dlspersants which is ba51cally
~incorrect. :

The published U.S. policy on the use of dispersants
has been in effect since the publication of the
National 0il and Hazardous Substances Pollution -
Contingency Plan in August of 1971. Since that time it
has been widely discussed in scientific conferences and
other arenas and shown to be a reasonable manner of =
closely - controlling the use of such chémicals without
totally prOhlbltlng them. Further, an examination of
the Plan does not support the view that it dictates a
"strong aversion" to the use of chemical dispersants.
What the Plan does do is advocate the use of methods,
wherever possible, which will result in the removal and
proper disposal of spilled oil,as opposed to methods
which will leave the spilled oil in the environment.

The use of other methods, such as dispersants, however,
is not prohibited. 1In fact, a testing procedure 1is
referenced in the Plan by which companies wishing to
market dispersants may test their products for
effectiveness and toxicity. The information is then
submitted to EPA. After that, dispersants may be used-
in accordance with Annex X of the National Plan.

U.S. Environmental Protection Agency
U.S. Council on Environmental Quallty
August 15,1974
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